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INTRODUCTION : Environmental hazards is global problem 
of growing importance. Those due to natural processes 
are alone thought to be costing mankind too much. Much 
of this destruction and death is the result of climatic 
events like floods, cyclones, drought, glacier as well 
as non-climatic hazard like earthquake. There is in 
addition a rather less significant group of hazardous 
processes which includes volcanic activity, snow avalanches, 
landslides and frost. 
Rivers have caused civilizations to rise and to 
f^ll.They once dictated man's destiny, but now increasingly, 
it is we who control the worlds rivers. Our basic water 
supply comes from the surface water streams and rivers, 
even though this amounts to less than one percent of all 
available fresh water. The rest is locked in pilar ice-caps 
or below ground. For 5000 years, people have modified rivers to 
tap their waters, solve flood problems and to exploit 
them for the benefit of agriculture and navigation. The 
scale of modifications accelerated at first in Europe, 
from about 1700 and, since 1950, changes have been dramatic 
world-wideo Truly man-rmade rivers have been created, vast 
ecologically rich wet land systems have disappeared and 
the fauna and flora of the rivers themselves have been 
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markedly alteredo During the past decade the approach to 
river development has become more environmentally sensitive. 
Today the aim is to control development so as to ensure 
that the river itself is maintained while adverse effects 
on other resources are, wherever possible, reversed. 
Since about 3000 B.Co, when the earliest civilizations 
were established on Nile, Tigris Euphrates and Indus 
rivers, there has been a close relationship between the 
control of rivers and socio-economic development. Rivers 
were tamed for ithe benefit of agriculture, i.e. early 
flood plain farming using the natural seasonal flow varia-
tion to water agricultural lando Evidence of hydrologic 
engineering in the form of irrigation ditches, dating back 
to 3200 B.C. has been found in Egypt. The earliest known 
dam was built at Sadd el Kafara before 2459 B.C. in 
Egypto In China irrigation agriculture was well established 
by 2000 BoC. By the time of the Qin Dynasty (Ca 250 BC) 
hydraulic engineering, including river channelization 
projects for navigation and flood control was well 
developed. By 1900 most of the large European rivers 
had been channelized for navigation, flood control and 
reclamation. By 1940, policy for the impoundment of entire 
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rivers to provide more reliable water supply, flood control, 
hydroelectric power and improved navigation was introduced 
by the Tennessee valley 'Authority, 
Floods are not a newly invented phenomenon ssent 
to afflict only modern man. Their occurrence has been 
common since the first rivers formed, ^ cient man was so 
impressed with floods that they became an important part 
of his legends and religion. Man is trying to adjust 
to flooding and the damages it causes since then as well. 
Not only do floods cause grievous harm to man, his belongings 
and his property but, in some cases, man can also be the 
instigator of floods as well as the cause of their ampli-
fication. There can be several causes and types of flooding. 
They can result from excessive precipitation or from the 
bursting of a dam. Unlike other geologic hazards, floods 
affect only lowlandso Floods affect more people than all 
other hazards combined, 
India is no exception from this hazard. Floods occur 
almost every year in some part of the country or anothero 
Because of the extreme seasonal and spatial variability 
of water resources in Ipdia the rivers are prone to floods. 
All river basins are prone to floods in view of the extreme 
variability of the monsoons but the Brahmaputra and the 
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lower Ganga river basin are subject to serious floods 
every year, ^ttar ^radesh, Bihar and Bengal are the most 
affected states of India whereas other states do suffer 
as well. 
In Uttar Pradesh floods have most frequent 
occurrence in the eastern districts because of the greater 
rainfall and because of the decrease in the gradient of 
river channels. This is an area of dense population and it 
is observed that the intensity of floods is increasing 
with passage of time and with greater loss. Considering the 
Gravity and importance of the floods the author has 
tried to study river regimes, causes of flooding, extense 
of damages from floods and analyse possible measures to 
minimize and control the fury of floods. 
CHAPTER - ONE 
E NVIRON MENTAL HAZARD S 
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The l i f e of roan i s c losely re la ted with the environ-
ment which helps in var ious ways but a t t he same time may 
pose a danger to h i s well being and su rv iva l . The forces K 
which endanger man's surv iva l are known as hazard and as 
such have a t t r ac t ed the a t tens ion of almost a l l the sect ions 
of soc ie ty . They are t h r e a t t o humans and to what they 
value in l i f e , well-being, mater ia l goods and t h e i r surroun-r 
dings man ex i s t s in an e s s e n t i a l l y ecological r e l a t ionsh ip 
with his environment and i s able t o insu la te himself from 
environmental t h r e a t s . The v a r i a b i l i t y and complexity in neut -
r a l and human systems can make some phenomena for example 
a r ive r , both a hazard and a resource. I t i s so because 
society has learn t from experience and prepared i t s e l f t o 
cope with r e p e t i t i o n s . Nevertheless environmental hazards 
due t o na tu ra l processes are alone thought t o be cost ing 
mankind too much. Much of t h i s d i s t ruc t ion and death i s 
the r e s u l t of c l imatic events l i k e floods, cyclones, drought, 
g l ac i e r as well as non-climatic hazard l i k e earthguates . 
There i s in addi t ion a r a the r local ized group of hazards 
which includes volcanic a c t i v i t y , snow avalanches, lands l ides 
and occurrence of f ros t , 
A systematic and quan t i t a t ive world view of exposure 
t o a s e r i e s of hazards reveals t h a t t r o p ica l Third world 
countries are more a t r i s k . However a highly urbanised 
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indus t r i a l i sed society within a specia l ied economy may well 
suffer in mater ia l terms much g rea te r damage t o bui ldings, 
indus t r i e s and complex communication systems than a sijb-
s is tance a g r i c u l t u r a l area in a developing country. So 
environmental hazards cons t i tu t e a world problem of growing 
importance. 
Hazards have been defined in d i f ferent way a t d i f fe ren t 
t imes . Burton and Kates (1964) defined hazard as ' those 
elements of the physical enviroiiwent harmful t o man and 
caused by forces extraneous to hixn.' Gardiner (1977) defined 
i t as ' even ts , objects , processes and ..substances tha t are 
perceived t o cause more damage t o or impose more costs on, 
society than benef i ts they give' and for the purpose of a 
symposium in Aust ra l ia in 197 6, as ' those extreme geophysical 
events grea t ly exceeding normal human expectat ion in terms of 
t h e i r magnitude o r frequency and causing major human hardship 
with s ign i f i can t mater ia l damage t o man and his works and 
poss ible l o s s of l i f e ? By def in i t ion then a, hazard is a 
function both of the physical event i t s e l f and of the s t a t e 
of human soc ie ty , including spec i f i ca l ly t h e adjustment 
adopted to cope with t h e hazard and the s t a t e of preparedness. 
A useful worKing def in i t ion of environmental hazards suggested 
by Kates (1978) is the t h r e a t po ten t ia l posed to man or 
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nature by events o r ig ina t ing in or t ransmit ted by the 
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na tura l or b u i l t environraent. As Hewitt and Burton (1971) 
have s ta ted , ' t h e s ide effects of our technology are now 
coming t o t h e forefront as a new class of hazards in t h e i r 
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own r i g h t . By concentrat ing wealth and population, urbani-
sat ion undoubtdly increases t h e damage po t en t i a l of spec i f i c 
s i t e s . 
The extreme geophysical events co l l ec t ive ly referred 
to as na tu ra l hazards stand near one end of a spectrum of 
phenomena ranging from na tura l to humanly-induced hazards. 
•There are a range of hazards which are largely thexasul t 
of human action often the r e s u l t of roahS modification 
of na tu ra l systems, which are t ransmit ted through the 
na tura l processes of the environment t ha t have come to 
be known as environmental hazards. 
Hazards can be grouped into two iaa s e t s . The f i r s t 
group wi l l cons is t of meteorological and hydrological 
hazards deal ing with storms, snow, frosty, fog, cold, floods 
and drought, and fog as hazards. The other group wil l have 
1. Perry, A . H , , Environmental Hazards in the Br i t i sh 
l a ieg , LONDON, 1981, pp . 3 . 
2 . Ibid P .5 . 
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other types of environmental hazards l i k e po l lu t ion , seismic, 
geomorphological and pedoloqical, b io logical hazards. 
FOG } The occurrence of fog i s associated with meterological 
Conditions which are conducive t o the cooling of a i r below 
i t s dew po in t . Radiation fog and smoke fog most commonly 
Occur during ant icyclonic s p e l l s and col s i t ua t i ons when 
winds are l i g h t , while advectioa fog over coas ts is usual ly 
associated with moist south-westerly a i r streams. Advection 
fog inland may occur in winter when mild a i r i s advected 
across a cold, snow-covered land surface . Fog in simple terms 
i s defined as occuring when v i s i b i l i t y i s l e s s than lOOO m 
i r r e spec t ive of whether the obscuri ty i s produced by water 
drople ts or so l id p a r t i c l e s . 
Fog i s l i ke ly to be most hazardous when i t is thick 
and t h i s objec t ive i s used by meteorologists when v i s i b i l i t y 
i s l e s s than 200 m. The term 'dense fog' i s used when v i s i b i -
l i t y i s l e ss than 50 m. The nature of fog va r i es with tempera-
tu re v a r i a t i o n . Fog occurrence is affected by topography and 
large va r i a t ions in v i s i b i l i t y over shor t d is tance are qu i te 
common. Radiation fog in p a r t i c u l a r , i s often a local ized 
phenomena and tends to be e r r a t i c in development and loca l i sed 
in extent . Two types of fogs are common. 
a) warm fog - which cons is t s of a cloud of drople ts which have 
a temperature above 0 C. 
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b)* Supercooled fog (sometimes r e f e r r e d t o as f r eez ing fog) 
The d r o p l e t s a re in equ i l ib r ium wi th t h e atmosphere 
a t a t empera ture which i s equa l t o o r l e s s than 0 C. 
Fog i s a hazard t o t r a n s p o r t by l and , sea and a i r 
and c o s t l y adjustments such as automat ic a i d s fo r a i r c r a f t 
and s a f e t y s i g n a l l i n g fo r r a i l t r a n s p o r t a r e needed. 
SNOW. FROST AND COLD : 
snow, f r o s t , and cold weather occur in most w i n t e r s , 
bu t most f r equen t ly c o n s t i t u t e a hazard when they occur 
over p r o t r a c t e d pe r iods o r dur ing t h e l a t t e r p a r t of t h e 
s p r i n g when they can s e v e r l y damage growing c r o p s . Because 
s eve re w i n t e r weather i s r e l a t i v e l y i n f r e q u e n t in i t s 
occu r r ence , investment i n p r e v e n t a t i v e measures i s inadequa te 
t o cope with condi t io i i s on such o c c a s i o n s . 
A major impact of snow hazard i s mani fes ted in t h e 
d i s r u p t i o n of t r a n s p o r t a t i o n f a c i l i t i e s and even small 
accumulat ions can c u r t a i l movement and c o n t r i b u t e d to 
a c c i d e n t s in a mobile s o c i e t y . Although l e s s seve re , s p r i n g 
r a d i a t i o n f r o s t s can do f a r more damage than t h o s e of w i n t e r , 
because they occur when growing crops a r e h igh ly s u s c e p t i b l e . 
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HAIL : 
-Althou^gii- sometimes severe, convexjtive hai.1 s^ tOTms^  
are often highly local ized and may cause damage in one area, 
while a neighbouring area remains quite unaffected. Hail 
stones are normally l e s s than about 10 mm in diametre and 
causing suf f ic ien t damage t o growing crops, to glasshouses, 
or t o seriously dent motor c a r s , 
THUxNDSRSTORMS : The most frequent casua l t ies from l ightning 
include people outside in open countryside or she l te r ing 
under t r e e s . In the roost thundery areas , standing t rees that 
have been Killed by l ightning are a fa i r ly common s igh t , 
T.V. antenna are quite frequently struck and can r e s u l t in 
expensive damage to the T.V, s e t . Lightning s t r i k e s to earth 
can also r e su l t in faul ts developing in the e l e c t r i c i t y 
supply system» 
The cause of severe storms are i n s t a b i l i t y through 
a deep layer of the atmosphere together with strong surface 
hea t ing . These conditions are most common with slow moving 
cold fronts or troughs or with low pressure , 
TORNADOES ANDcYqi^ffiSi Tornadoes, the most v io len t and 
local ised type of storm. Apart from damage caused by severe 
v e r t i c a l and hor izonta l a i r cu r r en t s , damage of an explosive 
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type may occur when a tornado passes , in the middle of the 
tornado wQils and windows losiy burst outwards severely 
damaging buildings and roofs can a lso be sucked off. 
Water spouts are s imi la r to tornadoes but they form 
over the sea. They are observed qui te frequently in coas ta l 
waters and have caused damage to harbours and boats on 
severa l occasions. 
Most Kinds of storms are of high i n t ens i t y but 
often of short durat ion, 
GALSS : The wind hazard r e su l t s from both the d i r ec t and 
i n d i r e c t e f fec ts of a i r in motion. Gales are the cyclonic 
storms or depressions with s teep pressure gradients passing 
over any place while the other types of storms are p r inc ipa l ly 
the r e su l t of convective processes in the atmosphere. So far 
as gusts are concerned there i s much l e s s difference between 
inland and coas ta l s t a t i o n s . Wind speeds are in^fuenced by 
local topography and strong winds tend t o blow even more 
s t rongly along a va l ley i f the val ley ruiis in the direct ion 
of the wind the so cal led ' funnel e f fec t ' s t a t i s t i c s show 
highest wind speeds in three geographical locat ions upland 
areas , coastal areas , and inland a r ea s . If rain f a l l s when 
the wind i s blowing, raindrops wi i l be carr ied along horizon-
t a l l y at approximately the speed of the wind. 
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Engineering works and buildings are subject t o 
s t ruc tu ra l damage as a resu l t of wind s t r e s s . Economic 
pressures have resu l ted in a t rend towards buildings 
of l i gh t and slender construction, but some modem t a l l 
buildings have an unacceptable performance when buffe^ted 
by the wind with percept ible motion causing d i s t r e s s and 
discomfort in the building. Wind loads on s t r cu tu res are 
conveniently divided in to s t a t i c and unsteady (time dependent) 
loads . For design purpose the engineer today needs to know. 
the estimated return periods of various wind speeds. 
Fai l ing or flying debris i s frequently iresponsible for 
casua l t i e s and t rees fa l l ing in to dwellings and car^ • repre-
sent a p a r t i c u l a r hazard during ga le s . On roads i i g h t vehicles 
can be blown in to the path of other traffic.On major roads, 
and espec ia l ly on highways cross-winds can be hazardous for 
high-sided vehic les such as furni ture vans an4 on e^xpose<i 
br idges . A vehicle emerging from a tunnel, cu t t ing or bridge 
which i s then suddenly h i t by a strong sidewind i s pa r t i cu -
l a r l y susceptible to wind. The wind has a d i rec t effect on 
both the r e l i a b i l i t y and safety of railway operations 
wind damage to crops and vegetat ion i s severe. 
FLOODS :'The ra ins descended and the floods came' Mathew 7:2 5 
Hydrologists define r ive r floods in terms of frequency, 
Thus the annual flood would be the l a rges t flow during a 
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year, or in terms of the geometry of the r i ve r channel, 
Hewitt and Burton (1971) have suggested 'harmful Inundation 
of property and land u t i l i s e d by man' while Ward suggests -
' a flood i s a body of water which r i s e s to overflow land 
4 
wnich i s not normally submerged. 
The flood hazard i s the jo.int product of physical 
and numan factors and flooding i s as much an economic problem 
a nydrological one. In the case of r ivers , the low lying 
flood plain bordering the r i v e r i s susceptible to inunda-
t ion but the floodp4ain exh ib i t s na tura l s i t e factors which 
in many instances have made i t an a t t r a c t i v e set t lement s i t e . 
By responding to these factors and attempting a land use 
which i s not in harmony with the hydnological cycle, man i s 
subject t o the flood hazard, although he frequently seeks 
to reduce the flood threa t by invest ing in preventive 
measures. 
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The meteorological conditions leading t o inland 
flooding involve intense p rec ip i t a t ion , prolonged p r e c i p i t a -
t ion or snowmelt, e i t h e r s ingly or acting in combination. 
There i s evidence that the occurrence and frequency of 
heavy r a in fa l l may also be greater over urban areas a^ 
a r e s u l t of increased roughness^ the role of po l lu tan t s 
3, 4 . perry A.H, Environmental Hazards in Br i t i sh I s l e s , 
London, 198T7 p ,70 . 
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in providing condensation nuc le i i and wore ac t ive thermals 
as a r e s u l t of the urban heat i s l a n d . 
The character of the catchment wil l determine the 
response to heavy r a i n f a l l and the ef fec t of some physical 
catchment parameters which can lead to flood in tens i f i ca t ion 
should be considered. The main flood intensi fying conditions 
can be grouped under the headings of basin network and channel 
c h a r a c t e r i s t i c s / each group having some c h a r a c t e r i s t i c s 
which are s tab le and others which are more uns tab le . Of the 
s tab le basin cha rcac t e r i s t i c shape i s one of the most 
important, Acompact c i r cu la r catchment can lead to larger 
Concentrated floods in the low sec t ion . Geology, so i l type 
and vegetation var ia t ions are espec ia l ly important variable 
basin c h a r a c t e r i s t i c s . Impervious catchment wi l l produce 
a great amount of surface run off, while permeable and 
pervious rocks have a capacity for water s t o r age . Drainage 
pa t t e rns which r e s u l t in the coalescence of flood flows from 
a number of t r i b u t a r i e s in the lower pa r t of the drainage 
basin can r e s u l t in high magnitude flood peaks a t the basin 
o u t l e t . The channel ch a r ac t e r i s t i c s affect the passage of 
floodwater down stream and in p a r t i c u l a r roughness of the 
bed and banK affect the veloci ty and magnitude of the flood* 
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DROUGHT : Droughts are not sudden emergencies with l i t t l e 
o r no warning, as i s often the case with such hazards as 
floods and in general they can be defined only when they 
are well underway. Drought i s po t en t i a l l y a ser ious th rea t to 
economic a c t i v i t y . Droughts are na tura l events but water 
shortages r e s u l t from inadequacies in f a c i l i t i e s . Droughts 
should be defined in terms of the re la t ionship between the 
na tura l event system and the human-use system; the unexpected 
def ic iencies in the moisture supply from the meteorological 
and hydrological systems of the environment as compared 
with the demands of the hlinan resource use in t ha t environment 
Drought can be defined objec t ive ly in numerous ways to s u i t 
p a r t i c u l a r purpose and Tabony (1977) has presented arguments for 
the use of indices which d i f f e r en t i a t e between m.eterological 
hydrological and agr icu l tu ra l drought. Whatever objective 
indices are used to c lass i fy droughts the root cause of 
drought i s a r a i n f a l l deficiency of considerable duration 
and Hewitt and Burton (1971) have defined the drought hazard 
as ' a period in which moisture a v a i l a b i l i i ^ f a l l s below 
the current requirements of some or a l l the l iv ing communities 
in an area and below t h e i r a b i l i t y to sus ta in the de f i c i t x 
without damage, disruption or excessive c o s t s . ' 
5 . perry A.H., Environmental Hazards in Br i t i sh Is les^ 
London, 1981 pp . 101-102. 
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Droughts cannot be prevented from occurring and 
the major protect ion against them Involves the storage 
of Water e i t h e r underground in groundwater reserves or in 
surface r e se rvo i r s , 
GLACIERS : Glaciers are at present in a contracted s t a t e 
and most do not appear p a r t i c u l a r l y threatening, people 
may Know something for example the dangers posed by crevasses, 
but have l i t t l e appreciation of those more important hazards 
which are due to g lac ie r f luc tua t ions , ^et , were there to 
be even a small c l imatic de te r io ra t ion , those same g lac iers 
would expand, as they have on several previous occasions 
and would become more hazardous to mankind. 
Glacier-man re la t ionships are constant ly changing 
These re la t ionships are also influenced bytbejraodem tendency 
to push sett lements and economic development ever closer 
to the l imits of the habi table world. Thus various kinds of 
human a c t i v i t i e s are s t i l l being undertaken within h i s t o r i c 
g l ac i e r l imi t s , sometimes t h i s means the creat ion of fresh 
hazards. 
Process of destor t ion usually involves more than 
the overrunning of a sett lement by an expanding body of i c e . 
For example morainic debris may be pushed agains t buildings 
shor t ly before the ice ac tua l ly reaches them. Other hazards 
are caused by g l ac i a l meltwater streams. Further problems 
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a r i s e when ice f a l l s from a g l ac i e r on to nearby building. 
Glacier expansion occurs more slowly and i s l e s s 
v io len t than ice avalanching and g lac ie r flooding. Even 
when surging, g lac ie rs give ample warning of increased danger 
and so pose v i r t u a l l y no th rea t to human l i f e . There i s 
usual ly time to dismantle a property which i s at r i s k . 
Glacier floods a r i se due t o various ireasons. In 
some cases they are due to the rapid escape of water which 
has been impounded behind a dam of ice and perhaps, moraine. 
The events leading t o t h i s type of flood may begin when 
c l imat ic de t e r io ra t ion induces a s ide va l ley g l ac i e r t o expand 
towards the main valley a t a point where t h i s i s i c e - f r e e . 
If the junction between the two val leys i s markedly discordant, 
ice may breaJ^ away from the terminus of the expanding g lac ie r , 
avalanche in to the pr incipal val ley and form a regenerated 
g l a c i e r a t some distance from the parent ice body. 
When water rapidly escapes through or under the ice 
dam, i t s passage i s aided by the exis tence of crevasses and 
other openings within or beneath the g l ac i e r . Such events can 
cause an ice-dammed lack to be t o t a l l y drained. Because of 
these various maans of lake discharge water level in such 
features i s character ized by numerous and often rapid changes 
which may lead to flooding t h a t extends many kilometres 
downvalley. 
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These cons t i t u t e a more ser ious th rea t to mankind 
than do the o ther g lac ie r hazards, for they have a h i s to ry not 
only o.f destroying property, but a l so of causing injury 
and death to people as well as animals and, p l a n t s . Also, 
they can have subs tan t ia l geomorphological e f fec ts and 
often extend t h e i r ]:HVOC aiuch further beyond the edges of i c e -
covered areas than do other g lac ie r hazards. The most deadly 
ice avalanches are those whose occurirence i s unpredictable, 
because they are the product of factors which combine on an 
i r r egu l a r and usual ly well spaced out t ime-scale . 
The other se t of hazards re la ted to po l lu t ion , 
seismic, geomorphological and pedological and bio logica l 
hazards. 
POLLUTION : Pollution is defined as the celeas-e by man of 
substances (or energy) to the environment in quan t i t i e s 
which damage h is resources . I t can also be regarded as a 
form of resource misuse a r i s ing because individuals can t r ans fe r 
the costs of removing t h e i r waste products to o t h e r s . Recently 
the re has been an increased concern shown for environmental 
qua l i ty and a general recognit ion tha t pol lu t ion of a l l 
so r t s impairs the qual i ty of the environment. The ef fec ts 
of pol lu t ion can be dramatic, as in the case of severe a i r 
pol lu t ion episodes with t h e i r a t tendant r i s e in the death 
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r a t e or l e ss obvious and more c i rcumstant ia l , for e .g . the 
higher death r a t e s from cer ta in diseases in areas of heavy 
metal contamination. In addition new technologies are 
constant ly r e su l t ing in new p o l l u t a n t s . I t i s b e t t e r to deal with 
d i f fe ren t types of pol lu t ions in d e t a i l . 
Air Pollution : Air pol lut ion may be defined as short-tertn 
period of consecutive days during which the ground^level 
recorded concentrations reach exceptionally high l eve l s , 
which can be both dangerous and economically cos t ly to the 
community, rwo conditions are needed to produce an a i r po l lu -
t ion episode; one i s che emission of su f f i c ien t quan t i t i e s 
of pol lu tants and the other i s the necessary adverse meteo-
rological condition to cause the emitted po l lu tan t s to reach 
high ground level concentrat ions. When the temperature increases 
with height in the f i r s t few kilometres of the atmosphere 
conditions are said to be s t ab le , and such condit ions prevent 
v e r t i e a l d ispers ion, trapping pol lu tan ts close to the 
sur face . Being a health hazard a i r pol lut ion exacts an 
economic t o l e . Pollut ion corrodes metals, damages building 
surfaces and is injurious to human heal th , vegetat ion and 
crops. 
Water Pollut ion ; River pol lu t ion occurs almost en t i r e ly 
as the r e s u l t of eff luent disposal and since the po ten t i a l 
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ex i s t s for typhoid^ pol iomyet i t i s and dysentry epidemics 
to be spread by water pol lut ion i t i s be t te r to include 
i t as an environmental hazard. Domestic sewage ef f luent i s 
the most important source of water po l lu t ion . There are 
s t i l l many r ivers which have middle and lower reaches where 
the dissolved oxygen (DO) level in the water i s so low 
tha t the capacity of the r ive r for s e l f -pu r i f i c a t i on i s 
minimal and object ionable . Pollut ion problems associated 
with ag r i cu l tu ra l wastes and espec ia l ly run off from areas 
dressed with nitrogen and phosphorous f e r t i l i s e r s and toxic 
pes t i c ides occur in some par t s of the country and episodic 
f i sh k i l l s have been caused by accidental discharges of such 
ma te r i a l s . 
Land and Indus t r i a l Pollution : The po l lu t ion of land 
i s generally loca l i sed in p a r t i c u l a r areas such as waste 
disposal t i j s . Ground water resources can be pol lu ted by 
percola t ing water from waste t i p s , although sand and gravel 
can be used as a natural f i l t e r . 
The biological implications of heavy metal contamination 
are present ly untoown although many au tho r i t i e s now subscribe 
to the concept of sub-c l in ica l metal poisining leading t o 
sub t le derangements of the metabolism. Incidence of stomach 
cancer, mult iple s c l e ros i s , pernicious anaemia and other 
diseases shows strong evidence for l inking the presence 
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of heavy meta l s in s o i l s wi th t h e s e d i s e a s e s . Minerals 
l iKe cadmium and lead are t o x i c , wnile copper and z inc , 
a l though e s s e n t i a l for l i f e p r o c e s s e s , are t o x i c when 
p r e s e n t i n e x c e s s . 
The p e t r o l engine i s an impor tant source of lead in 
the environment s i n c e organic l ead i s added as an a n t i -
KnocK agent to p e t r o l and t h i s emerges in p a r t i c l e form in 
exhaus t fumes contamina t ing s o i l s i n urban gardens , parks 
and a l lo tmen t as well as near t o motorways and mam r o a d s . 
Noise p o l l u t i o n ; Noise i s an impor tan t p o l l u t a n t in 
urban a r ^ a s . NQISB i s unwanted sound and i s a l s o tought 
t o be as wasted energy . Noise i s one element of urban s t r e s s , 
which i t s e l f produces behavioura l and p h y s i o l o g i c a l consequences, 
The major source of no ise i n g e n e r a l a r e ; 
a) I n d u s t r y , t r a n s p o r a t a t i o n and R e s i d e n t i a l a c t i v i t i e s . 
SEISMIC HAZARD : 
^Vith :the b u i l d i n g and proposed b u i l d i n g of important 
s e n s i t i v e s t r u c t u r e s such as n u c l e a r power s t a t i o n , t h e r e 
i s need for e v a l u a t i n g t h e se i smic hazard . Because nuc lea r 
was te s t o r a g e r e q u i r e s s i t e s of g r e a t geo log ica l s t a b i l i t y . 
Geologica l s t a b i l i t y i s very important for s t r u c t u r e s l i k e 
dams, e t c because s e i s m i c a l l y unsound a rea l e a d s t o d i s a s t e r s 
such as f lash f l o o d s . 
22 
GEOMORHiQLOGICAL HAZARD ; The mass movement of land may 
produce hazardous s i t ua t i ons , mainly as a r e s u l t of human 
act ions on land and due to marine erosion on coas t , slow 
but inexorable movement over a long period of time i s unl ikely 
to produce ser ious t rouble, but i t i s the v io len t displacement 
under the action of gravity on an unstable slope tha t can 
produce movements such as landsl ides which most frequently 
create a hazard. Torrent ia l rain mostly provide i d e a l conditions 
for mass movement and l ands l ides . Rockslides and rockfal ls 
occur where a s teep ly sloping rock face i s formed of a 
well jointed rock, such as i s the case with many l imestones. 
Mining a c t i v i t y i s also to some extent responsible for land-
s l ides caused by the natural agents of denudation. S i l t i ng 
of por ts and harbours create a very dif ferent type of coastal 
hazard which i s provided by the movement of coas ta l sand 
dunes, 
PEDQLOGICAL HAZARD : Pedological hazards are seen in 
the form of so i l eros ion. Most eros ive processes are acce le-
ra t ed by man and s o i l erosion probably began with the 
clearance of the vegetation for ag r i cu l tu re . Erosion i s 
r e l a t ed to crop and land management in the same way as i s 
re la ted to physical fac tors . Changing farming p rac t i ces , 
including the elimination of grass fallows i s exposing a 
l a rge r proportion of the farm area to erosion. Removal of 
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hedges and other pro tec t ive b a r r i e r s has increased f ie ld 
s i ze sometimes f a c i l i t a t i n g eros ion . Soil erosion by water 
may taxe the form of sheet erosion, r i l l erosion or gully 
eros ion. Degeneration of the vegetation cover by burning. 
Overgrazing or recrea t iona l pressure often causes accelerated 
erosion on h i l l s i d e s . The loss of vegetation cover leads to 
poorer sheep grazing and l e s s w i l d l i f e , 
BIOLOGICAL HAZARD : Biological hazards are seen in the form 
of health hazard for man. Disease i s lack of harmony in the 
environment with the response conditioned by the genetic make 
up of the ind iv idua l . The environment provides man with his 
e s s e n t i a l l i f e - suppor t system but side by side i t also 
presents him with a var ie ty of hazards. Mostly diseases are 
the resu l t of some factors or factors in the environment. 
Today the heights are tha t even people d ie due to pol luted 
drinKing water. In our own health consciousness, we tend to 
forget tha t the common housefly can carry about for ty serious 
diseases while o ther pests continue to represent a hazard 
to man. Even the modern passanger j e t a r i c r a f t allows t h e i r 
wash basin water to be discharged in to the atmosphere, while 
a l l waste from lava tor ies i s disposed from r a i l s t r a i g h t on c-
to the t rack . All t h i s causes epidemxcs. Environment could 
be linked with the respira tory i l l n e s s , suffered by those 
exposed t o the measured parameters. Many people suffer much 
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d i s t r e s s trom t h e i r hypersens i t iv i ty to a wide va r i e ty of 
pol lens and dusts which are present in the environment. 
Animal and Plant hazard ; Pollut ion today has reduced 
res i s t ence of t rees to d iseases . Modem forestry techniques 
and a massive use of herbicides a l so play a ro le in reducing 
r e s i s t a n c e . Environmental hazard pose a r i sk of po ten t ia l 
d i s a s t e r . Hazardous events include threat t o person, morbi-
d i t y and mor ta l i ty as well as damage to a c t i v i t i e s and 
wealth, both natural and man-made. 
The sol id surface of the ea r th , which i s the home 
of man, i s continuously changing and has changed dramatically 
within the l i f e - h i s t o r y of mankind. The pulsa t ing nature 
of c l ina te i s responsible for maintaining the cyc l ic change. 
But how sens i t ive is agr icu l ture to the v a r i a b i l i t y of 
c l imate . Floods and droughts often appear as d i s a s t e r s to 
upset l i f e every year in one or the other pa r t of the world, 
Theretore, even y i th in the frame work of human t ime-scale 
nature should be seen as a system having i t s own mechanisms 
to maintain equilibrium as also to sustain change the re in . 
Man i s sustained by other species in h is environment 
crops, domestic animals and £ish and if there i s a s ign i f i can t 
ecological d is rupt ion on a wide enough scale through pol lut ion 
man himself cannot escape the hazard. 
CHAPTER - IWg 
REV.IEW OF STUDIES ON FLOODS 
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Flood as a hazard have a t t r ac t ed the a t t en t ion of 
a number of scholar from various d i sc ip l ines l i ke georaorpho-
l o g i s t , engineers, geologis ts , economist, eco log i s t s and 
geographars. Everyone has t r i e d t o study the problem according 
t o h i s own requirement. Such s tudies r e l a t e to floods occurring 
in d i f fe ren t r i v e r s of the world and range in form from 
topical s tudies to regional accounts. United Nations organi-
sation has or been concerned with the floods and brought 
out a se r i es of publ ica t ions analysing the extent of flood 
damage and measures for flood control in d i f f e ren t countr ies 
and r i ve r s of the world. 
In the port ion r e l a t i n g t o the r i v e r Ganga the 
United Nations Report on Floods (1950) poin ts to the fact 
t h a t t h i s r i v e r in i t s upper reaches i s qu i te s t a b l e . With 
the r e su l t t h a t no embanKments have been ccxistructed along 
i t course upto i t s contluence with the r ive r Ghaghara, 
However, in ce r t a in por t ions the r i v e r overflows the natural 
levees during monsoons when i t i s flooded. For example 
near Allahabad i t s l e f t bank i s flooded to a d is tance of 
about 8 xms and the floods l a s t for a few days. 
A study made by the United Nations Flood control 
committee (1951) finds t ha t both spur dikes and longi tudinal 
1. "Flood damage and flood control a c t i v i t i e s of various r i v e r s 
of the region. Ganges River", Flood Damage and flood control 
a c t i v i t i e s in Asia and For East (F16od control Series) 
No. 1, 1950, p .29 . 
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revetment are used in India in some places along the r i v e r s 
as a measure of protection against f loods . The width of 
such an apron depends on the l i ke ly depth of the* scour. The 
study a lso reveals t h a t in Indonesia the condition i s d i f f e -
r en t from other countr ies of the region. In the densely 
populated p la ins of java^ the flood problem has been 
solved by the construction of dikes and by the drainage 
improvement plus the construct ion of flood diversicaa cana l s . 
In Thailand defence against flood i s adopted by using 
2 
a crop to f i t flood condit ion. 
Enayat Ahmad (1952) presented a de ta i led assement of 
floods and t h e i r frequent occurrence in Eastern d i s t r i c t s 
as a r e s u l t of greater r a i n f a l l and a decreasing gradient 
of r ive r channels . The r ive r Gorati i s often in spate in 
i t s lower course, where a narrow channel r e s u l t s in the 
overflow of water, Si4aEhilar charac ter i s observed in the 
floods in Trans-Ghaghara p la in which receives water from 
Rapti , Sarda and Ghaghara r i v e r s . Only elevated land of 
v i l l a g e set t lements remain above water and looks l ike 
an is land between the surrounding flood water. This almost 
imperceptible unevenness in the overa l l level p la in where 
"Review of flood control raetnods employed in the 
region," Methods and Problem of Flood control in Asia 
and the Far East, Flood control s e r i e s . No. 2, 
U.N. 1951, PP. 10-15. 
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the village settlement is established is associated with 
3 
the process of alluvial formation of theplain. 
Floods have also attracted the attention of govern-
mental agencies in japan where the River Bureau, Ministry 
of construction pointed out that the rivers in japan are 
more often subjected to floods because of precipitous slopes 
in the mountainous topograpny leading to increased velocity 
of rivers. In audition the island of japan lies just on 
Course of typhoons and is thus beset with heavy rains in 
summer and Autura, due to which rivers repeatedly cause 
4 
destructive floods. 
Another United Nations Report (1953) highlights that 
sediment deposition is a trouble some process along rivers 
and streams as it raises stream beds, thereby increasing 
flood heights and inundation and piles up sediments in 
immense quantities behind dams, reducing their capacities 
and function. The sediment deposition also forces the 
river to meander and often to leave its original course 
and flow along new course, devastating vast areas of 
excellent land. Main cause of sediment trouble is an 
3. Ahmad, E, "Rural settlement types in the Uttar Pradesh," 
Annals of the Association of American Geographers,Vol. 
42, 1952, p. 236. 
4. "Flood control in japan," Proceeding of the Regional 
Technical conference on flood control in Asia and the 
Far gast. River Bureau, Ministry of construction japan, 
1952, p, 1474 
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accelerated s o i l erosion in the catchment areas of the r i v e r s . 
Luna B, Leopold and Thomas Maddock (1954) pointed 
out tha t flood cont ro l does not mean the el iminat ion of 
floods but a t best i t can provide ce r t a in amount of protect ion 
against overbanJc flows. The upstream phase cons i s t s of 
conservation p rac t i ces and s t ruc tu res on watershed lands. 
The downstream phase involves major reservoirs^ levee 
system and .related i n s t a l l a t i o n s in major r i v e r va l l eys . 
Fung Ching-Yue, discussed (1956) t h a t the diversion 
floodways, channel improvments and levees are ef fec t ive 
means of flood con t ro l . They may be combined with a storage 
p ro jec t . All (bf these are subject to topographical and 
economical l imi ta t ions usual ly due to cost l imi ta t ion or 
otherwise, flood control cannot be completely ef fec t ive by 
any one of them alone«i.If the storage i s operated s a t i s -
7 
f ac to r i ly , c r e s t s of a l l floods are reduced, 
Henry C. Hart (1956) made a study about men at work 
on Indian r i v e r s and came to the conclusion t h a t in view 
of physical dimensions involved, the job of harnessing 
5 . " The sediment Problem", Flood control s e r i e s No.5, 
U.N. 1953, PP. 7-11. 
6 . Leopold, Luna, B and Maddock, T. The flood control 
controversy, 1954, New York, p . 9 . 
7 . Fung-Ching-Yue, Flood cont ro l in r e l a t ion to the j u s t i f i -
cat ion of a multi-purpose project . Proceedings of the 
Regional Technical conference on water Resources Develop, 
ment in Asia and Far East, I'lood conf-rol .c^ r^-^ o^ D=.»^UII. 
No.9, tt.N., 1956, P. 85. ^ ' 
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I n d i a ' s r i v e r s i s one of the l a rges t on ea r th . He has 
evaluated the work and suggested the possible ways for dam 
8 
construct ion engineers to a t t a i n be t t e r r e s u l t s . 
Johns V. Kirutilla and Otto Eckstein (1958) in t h e i r 
study revealed tha t in order to provide protec t ion economically 
for a s ingle occupant of an exposed reach of the flood pla in , 
a given i r reduc ib le dose of investment, which may at times 
be very large, i s required. The flood control involves a 
col laborat ion e t f o r t from var ious interdependent u n i t s and 
requi res therefore a common investment because the system 
functions as a set of complementary f a c i l i t i e s . Flood p ro te -
c t ion i s a job which may not sa t i s fy the needs of every 
individual involved but i s decidely a step towards r i ve r 
9 development. 
West Bengal i s one of the flood prove areas of Xn4ia 
and has tmi-s been a t t r a c t i n g the a t t en t ion of d i f ferent 
s c i e n t i s t . Cha t t e r j i , S.P, (1961) an eminent geographer has 
found tha t the floods in west Bengal are mostly a function 
of th ree v a r i a b l e s : Prec ip i ta t ion , t e r r a i n and run off. If 
8. Hart, H.C. New Ind i a ' s Rivers, Calcutta, 1956. 
9 . Kru t i l l a , j . V . and Eckstein, 0, Multi Purpose River 
Development, U.S.A., 1958, 
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the in tens i ty and duration of r a i n f a l l a re short and the 
catchment area i s r e s t r i c t ed , the flood are not alarming 
but have loca l importance only. But if the storm centred 
over the i n t e r i o r portion of the plateau or the cen t ra l 
de l ta , the r e su l t an t p r ec ip i t a t i on causes i n f l a t i on of the 
lower reaches quicicly. The run off from the head portion 
i s l a t e r on added to tha t which has been caused in the lower 
reaches and increases the gravi ty of the s i t u a t i o n . This 
phenomenon fa ther delays the disposal of floodwaters. I t 
has been found t h a t most of t he floods in West Bengal are 
due t o strengthening of the monsoon current over the sub-
Himalayan Bengal, Any flood control measure should consider 
how best to reduce the load upstream and s t a b i l i s e the course 
lower down. The run off i s another important item determining 
flood i n t e n s i t y . The run-off i s affected by the texture and 
slope of the ground on which the water moves and the period 
foj: which p r e c i p i t a t i o n talces p lace . Afforestat ion aM 
contour ploughing are l ike ly t o reduce the r a t e of run 
off and cont r ibu te t o flood prevention, 
Ian Burton (1962) studied typology of ag r i cu l t u r a l 
occupance of flood p la ins in the United S t a t e s , The typology 
i s based upon a synthesis of two main l ines of reasoning 
10. Chat te r j i , 5,P. "Floods in west Bengal - A Geographical 
Study", Geographical Review of India, Vol.XXlII, Sep, 
i y 6 l , NoT 3 , p p , l - 6 . 
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in which possible relationship between selected characteristics 
of the flood plain envirorments and two main aspects of 
occupance are described, and secondly the regularities in 
agricultural occupance of flood plains are observed over 
a range of selected flood plains. It is regarded that flood 
losses or adjustments to flood hazards as a special part of 
11 the costs of production are higher on the flood plain, 
Robert, W.K. (1962) throws light on the way man view 
the risks and opportunities of their uncertain environment 
plays a significant role in their decisions as resource 
management. It also throw new light on the conditions under 
which men occupy flood plains and at the same time yield 
12 
empirical evidence on decision making process . 
An in tens ive study of La F a l l e t t e , Tennessee and a 
reconnaissance scudy of five other towns d i f fe r ing widely 
in physical c h a r a c t e r i s t i c s of flooding was <!onducted by 
Gilbert F, White, in 1964, In order to find ways of adjustment 
of man to a l o c a l i t y influenced by floods i t i s b e t t e r 
t o assess technica l f e a s i b i l i t y of p a r t i c u l a r adjustments, 
11 . Burton, I , "Toward a typology of ag r i cu l t u r a l occupance 
of flood p la ins . Types of ag r i cu l t u r a l occupance of 
flood pla ins in the United States] 1962, p p , l - 6 . 
If 
12. Robert, W.K, Hazards and Choice perception in flood 
plain management. Chicago, U.S.A, 1962, 
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the econoitiic eff iciency of these choices and the timing 
and incidence of decisions by the pr iva te and public 
management exper t s . 
In the United States also the people using such land 
which i3 subjected t o an always concerned with imperding 
dangers of flood. According t o Gi lber t , F. White, they 
sut fer the loss from occasional.overflow or a re constant ly 
looking a f t e r the protec t ive dams. I t i s found tha t t echnica l 
f e a s i b i l i t y of several adjustments thus made d i f f e r s in many 
ways according t o frequency stage, duration and ve loc i ty of 
14 flooding. 
Rovert W, Kates (1965; discussed some new techniques 
to the problems of synthesizing industrial damage, arising 
out of floods. Careful guides for estimating economic losses, 
better models of land use change and provision for change in 
flood adjustments appear to be areas of improvement where 
efforts might yield high returns. For industrial firms, 
where the losses are large and the firm resources are 
Substantial, considerable improvment in damage reduction 
behaviour might be obtained by advisory services of engineering 
13. White, G.F. Choise of Adjustment to Floods. Chicago, 
U.S.A., 1964. 
14. Ibid. 
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and a r ch i t e c tu r a l consul tants on flood damage reduction 
15 
measures. 
Derrick Sewell W.R, (1965) af ter analysing technica l 
and economic advantages has come to the conclusion tha t 
multi-purpose r e se rvo i r i s perhaps the best way of over 
a i l r ive r basin development. He a lso advocates t ha t develop-
ment for c e r t a in purposes, such as hydro-e lec t r ic power 
and flood concrol, can often be accomplished most e f f i c i en t ly 
i f the r ive r i s control led from the headwaters t o the sea, 
A basin wide plan i s needed to be drawn up. Fraser r ive r i s 
major r i ve r of Canada and the lower Fraser va l ley i s often 
subjected to great devas ta t ions . A solut ion t o the problem 
was made to reconstruct the dyking system. A multipurpose 
development of Fraser River was seen as a solut ion to both 
16 
flood problem and power problem. 
According to the Tech no-Economic survey of Uttar 
Pradesh (1965) regarding the damage caused by floods it is 
estimated that the area affected is about 23 lakh acres 
during low flood years, 83 lakh acres by medium floods and 
about 100 lakh acres by heavy floods. The severly affected 
areas fall in the eastern districts of the state where 
15. <ates, R.W, Industrial flood losses; Damage Sstimation 
in the LeKigh valley. Research Paper No, 98, Dept, of" 
Geography, Chicago, 1965. 
16. Derrick Sewell, W,R., water management and floods 
in the Fraser River Basin^ Research paper Np, loO, 
Dept. of Geography, Chicago, 1965, 
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p r e c i p i t a t i o n i s generally heavier and the area has almost 
a level topography. Lack of adequate drainage f a c i l i t i e s i s 
17 a l so a seriqus problem in certa,in areas of the s t a t e . 
Fluctuat ions in the ve loc i ty and discharge of r ivers, 
r e s u l t from va r i a t ions in p r e c i p i t a t i o n and temperatures 
Such f luc tuat ions according t o Grover N .C , and Harrington 
A.w. (1966) are influenced by the r a t e s of snow melt, the 
i n t e n s i t y and area l extent of r a in and the slope and 
geological charac ter of the r i v e r basin. The r a t e of melting 
snow and the i n t e n s i t y of r a i n f a l l are the factors which 
18 
d i r e c t l y affect the f luctuat ion of r i v e r s . 
According t o Kumra, p.N, (1968), a r i v e r in flood 
s p i l l s over i t s banks due to inadequacy of i t s normal 
channel to carry the high flood discharge. Magnitude of flood 
damage depends upon the depth and duration of the s p i l l and 
nature of the configuration of the area. The term flood 
cont ro l does not guarantee immunity from flood but means 
flood protec t ion to ce r t a in extent . Flood cont ro l methods 
19 are adminis t ra t ive and involve engineering app l ica t ion . 
Gordan wolman, M. and Luna B. Leopold (l^i^O) made s tudies 
ot a number of flood p la ins in the United S ta tes and in India^ 
17. Techno-Economic Survey of Ut tar Pradesh. New Delhi, 1955, 
18. Grover, N.C, and Harrington, A.W, Stream Flows: 
Measurements, Records and t h e i r uses. New York, 1966. 
19. Kumra P.N., "Flood Protect ion Methods in India ," 
Geographical Review of India. Vol.XXX, No, 4, Dec, 1968, 
pp.45-55. 
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i n d i c a t e t h a t t h e tirequency of owerbank flow i s reraarkedly 
unifomi among r i v e r s flowing in d i v e r s e phys iograph ic and 
c l i m a t i c r e g i o n s . This s tudy suppor t s the view t h a t f lood 
p l a i n i s coroposed of channel d e p o s i t s o r p o i n t b a r s and some 
overbank d e p o s i t s . The r e l a t i v e amounts of each va ry but 
on the average the p ropor t ion of overbank m a t e r i a l appears 
t o be sma l l . This conclusion i s suppor ted by the uniform 
frequency of f lood ing and by t h e small amount of depos i t i on 
obgerved in g r e a t f l o o d s . The f lood p l a i n can only be t r a n s -
formed i n t o a t e r r a c e by sQrae t e c t o n i c , c l i m a t i c o r man-
induced changes which a l t e r the regime of a r i v e r , causing 
i t t o ent rench i t s e l f below i t s e s t a b l i s h e d bed and 
20 a s s o c i a t e d flood p l a i n , 
C h a t t e r j i G.C., Rarnachandran and uoy (1971) d i scussed 
t h a t the e x c e s s i v e r a i n s in t h e month of October when the 
ground i s a l r eady s a t u r a t e d and unable t o absorto any more 
mo i s tu re cause unprecedented f loods and l a n d s l i d e s i n nor th 
Bengal, Sikkim and Bhutan, s t e e p s l opes with i n s u f f i c i e n t 
v e g e t a l cover g e n e r a l l y with a t h i c k s o i l mant le , u n d e r l a i n 
by h igh ly folded, sheared and j o i n t e d incompetent s c h i s t s , 
mica g n e i s s e s and p h y l l i t e s fo r most p a r t were a l r e a d y in 
a s t a t e of i n s t a b i l i t y due to t h e above reasojas, aided by 
2 0 . Wolman, G.M. and Leopold. L,B, Rivers and River Ter races . 
London, 1970. 
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21 toe erosion of h i l l slopes by major r i v e r s , 
A de ta i led study of the KOsi r ive r was? made by 
made by Mookerji, D, (1971) wherein he pointed tha t the 
major problem was not only to control the floods but to 
confine the main r i v e r course to a predetermined s t a t e and 
preventing l a t e r a l movement of water for thas purpose con-
s t ruc t ion of erabanicroents may be taken up and to check the 
source and volume of sand and reduce i t s quant i ty i t was 
suggested to bui ld check dams. Levee system to tame the 
22 
r i v e r was also put up. 
An extensive study by Banerji and Lai in 1972 indica tes 
t h a t each r i ve r system has i t s own c h a r a c t e r i s t i c periods 
and causes of flooding, Ihe study assesed the flood problem 
by considering physical and morphological fea tures of Indian 
r i v e r s . I t i s found, that floods in Kashmir va l ley are due 
to i t s saucer shape. In Punjab, poor country slopes, hic^ 
groundwater table and poor i n f i l t e r a t i o n leads to inadequate 
drainage re su l t ing in f loods. In Himachal Pradesh flash 
floods carrying large s i l t load t h a t chokes the channel 
2 1 , c h a t t e r j i G.C, Ramachandran, Roy, S,, "Landslides and 
floods in north Bengal and adjoining areas, " Indian journal of Power and River val ley Development vol,XXI, 
No, 2, Feb. 1971, PP. 45-47. 
22 . Mookerji, D, "The <osi responds to treatment," Indian journal of Power and River Valley Developroent. Vol,XXI, 
No. 9, Sep. 1971, PP. 317-324. 
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p o s e a p r o b l e m . The Ganga r i v e r sys tem i n p a r t s of U , P , , 
B i h a r , w e s t - B e n g a l have a s e r i o u s d r a i n a g e c o n g e s t i o n . I n 
B r a h m a p u t r a r i v e r sys tem, v e r y h e a v y r a i n f a l l , and s e i a n i c 
a c t i v i t y a r e t h e r e a s o n s . I n P e n i n s u l a r r i v e r sys t em t h e r e 
i s a s e r i o u s f l o o d problem i n d e l t a i c r e g i o n s of Mahanadi , 
Godawar i and K r i s h n a , I t was c o n s i d e r e d t h a t f l o o d s may 
b e n a t u r a l and a l s o man made; s i m i l a r i s t h e c a s e w i t h 
23 f l o o d d i s a s t e r , 
D a k s h i n a r a u r t i , Michae l and Mohanshr i , i n 1973 j o i n t l y 
c o n d u c t e d t h a t t h e b e s t way t o c o n t r o l f l o o d s i s t o i n t e r c e p t 
them w i t h s t o r a g e r e s e r v o i r s , s o t h a t o n l y m o d e r a t e f l o o d s a r e a l l ' 
owed t o flow t h r o u g h t h e : v a l l e y bel<)w<^£ftjLLtdpurppse:prx)j«ct a r e 
b e s t p l a n n e d f o r f l ood c o n t r o l . The works c a r r i e d o u t by t h e 
Damodar v a l l e y c o r p o r a t i o n i n t h e Damodar r i v e r b a s i n and 
v a r i o u s b e n e f i t s c o n f e r r e d by them, a r e t h e r e s u l t of such 
24 p l a n n i n g w h e r e t h e primajcy a i r was f l o o d c o n t r o l , 
A c o m p r e h e n s i v e s t u d y by B h a t t a c h a r y a (197 3) i n 
Damodar r i v e r r e v e a l s t h a t t h e e s t i m a t e s f o r f l o o d c o n t r o l 
by t h e o r i g i n a l p l a n n e r s d i d n o t r e a l l y t a k e i n t o a c c o u n t 
t h e needs of t h e d r a i n a g e a r e a of t h e Mundeswari c h a n n e l 
i n p a r t i c u l a r and l o w e r r e c h e s of t h e Damodar r i v e r i n 
2 3 . B a n e r j i , s , , and L a i , V,B, " F l o o d c o n t r o l i n I n d i a , b a s i n 
app roach t o t h e p rob l em" , I n d i a n j o u r n a l of power and 
R i v e r v a l l e y Development , V o l . XXII, No, l o , Oct 1972, 
PP, 4 1 0 - 4 1 7 , 
2 4 . Da icsh inamur t i , c , M i c h a e l , A,M.,- and Mohan S h r i , Water 
r e s o u r c e s of Indira and t h e i r u t i l i z a t i o n i n a g r i c u l t u r e . 
New D e l h i , 1 9 7 3 . 
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genera l . The policy of rese rvo i r operation by DVC au tho r i t i e s 
meant encroachment on the flood reserve of the dam. As a 
r e s u l t the lower Daniodar va l ley has a g rea te r chance of being 
flooded in case of any sudden r i s e in the peaK flow of 
Damodar waters . 
John A, Dawson and John C. Deomkaaip, have a view 
(19 7 3) tha t once the flood frequency i s es tabl ished, adapta-
t ion of land use to flood r i sk can be achieved. In New 
South wales heavy down pour l a s t i n g seven days causes widespread 
flooding along major r i v e r s . The westward flowing streams 
experience a gradual downstream migration of flood wave, 
while the much steeper eas t coast streams experience rapid 
r i s e s in leve ls and swift flood run off. Most modern c i t i e s 
have spread in to flood p la in in l a s t 2 00 years , London 
expanded into the thames flood p l a in s r e s t r i c t i n g the 
width of the r i v e r channel and making peaks na tu ra l ly 
h igher . 
In the opinion of Arthur N, s t r a h l e r and Alan H. 
S t r a l l e r <>1973) physical approaches to control floods are to 
de ta in and delay runoff by various means on the ground 
surface and in smaller t r i b u t a r i e s of the watershed . . 
25 . Bhattachrya A.K., "Flood control in the Damodar va l l ey , " 
Geographical Review of India, Vol, XXXV,-^ No, 2, June 
1973, pp. 136-147. 
26. Dawson, J , A . and Doornkamp, J,C, "Studies of floods 
and flood p la ins , " Evaluating the Human Environnent. 
London, 197 3 , 
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and to modify the lower reaches of the r i v e r and i t s 
f l o o d p l a i n where inundat ion i s expec ted . Besides t h e s e p l a n t i n g 
a v e g e t a t i v e cover, c o n s t r u c t i n g small darns, l evees e t c 
may be p r a c t i s e d . Retarding bas in produced by c o n s t r u c t i o n 
of a low dam ac ros s the r i v e r i s another eng inee r ing dev ice 
27 
which may be u t i l i z e d , 
Simmons I ,G , p o i n t o u t t h a t one normal condi ton of 
t h e hyd ro log i ca l cyc le has been perce ived as abnormal by man 
and l a b e l l e d as f l o o d s . Poor watershed p r a c t i s e s have of ten 
been exacerbated and in some p l a c e s have been the cause 
of f loods , but i t remains t r u e t h a t most r i v e r s have flood 
p l a i n s which ge t inundated from t ime to time with vary ing 
dep th of water and a t low l e v e l s of p r e d i c t a b i l i t y . Flood 
c o n t r o l dams, channel widening, channel s t ra ightending and 
deepening and c o n s t r u c t i o n of by-pass channels a r e some 
remedies . But f o r a l l round ease , manipula t ion a t the sur face 
28 
wa te r phase of the hyd ro log ica l cyc le ranks f i r s t , 
Pannalal Das (1975) made a s tudy of K a l i a g h a i r i v e r 
of Midnapore where eng inee r ing d e v i c e s were a complete 
f a i l u r e , Ihe a rea l i e s a t a c r u c i a l p o s i t i o n i n r e s p e c t 
27 . Ar thur N, s t r a h l e r and Alan H, S t r a l l e r , * Subsurface 
water of the l a n d s , " Environmental Geosciences , 1973, 
pp ,331-335. 
28 , Simmons I , G . , The Ecology of Na tura l Resources . 
London, 1974, 
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of su r face conf igura t ion^ hydrology and s lope due to which 
measures a l r eady adopted were l i k e l y t o f a i l . Small 
f r a c t i o n of sand and s i l t w^s washed down dur ing f loods 
and low land in t h i s way was g r a d u a l l y being s i l t e d up yea r 
a f t e r year . This accumulating s i l t then proved a b o t t l e n e c k 
and heid up flood waters of t he K a l i a g h a i , This r e s u l t s i n 
t h e f looding of the upper a r e a s . The flood problem of 
29 t h e .<aliaghai r i v e r i s thus a problem of p r o p e r d r a i n a g e . 
Panchadhyeyi s, (1976) in h i s i n v e s t a g a t i o n of 
Subarnarekha Basin r e p o r t s t h a t t h e prxjblera of f lood in t h i s 
a r ea a re a c c e l e r a t e d by a l r eady unfavourable h y d r o l o g i c a l 
and c l i m a t i c s i t u a t i o n induced by runoff, i n t e n s e r a i n f a l l , 
p o o r e r absorp t ion , unfavourable s o i l and s o i l e ros ion i n t h e 
upper catchment, d ra inage conges t ion and t i d a in i t s mouth 
a l s o have c o n s i d e r a b l e impact on -be flood inc idence in the 
b a s i n . 
I t was suggested by Rao, K.L. (1979) t h a t t h e d i s c h a r g e 
measurement of r i v e r a re very impor tan t fo r deve lop ing , 
economical ly b e n e f i c i a l p r o j e c t s whether i t be f o r i r r i g a t i o n , 
power p roduc t ion o r flood c o n t r o l . In p a r t i c u l a r one should 
29 . Pannalal Das, "An Appra i sa l of flood i nc idence of the 
Xal iagha i River Basin, " Geographical Review of Ind ia , 
v o l . 37, NO. 1, March 1975, p p . 7 3 - 8 1 , 
3 0. Panchadhyayi, S, "A d i a g n o s t i c s tudy of f lood problem in 
the subarnarekha bas in , " Ind ian j o u r n a l of power and 
River Val ley Development, vol.XXVI, N«^ , 10, *^ct 1976, p p . 
319-323. ' 
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Know t h e maximum and minimurn d i s c h a r g e , the t o t a l annual 
flows and t h e i r v a r i a t i o n . Catchment areas themselves cannot 
g ive an idea of the magnitude of f lows. Ihough t h e catchment 
a rea of Ni le i s n e a r l y ten t imes the catchment area of the 
31 
Godawari, the d i s cha rge i s about same in both the r i v e r s . 
Kayastha, J3, L. and Yadav, R. P. (1980) made micro l e v e l 
s tudy of socio-economic c o n d i t i o n in Mubarakpur v i l l a g e which 
i s in Ghaghara flood p l a i n and i t was e v i d e n t t h a t people 
of t h i s flood p l a i n have high degree of p e r c e p t i o n of 
f lood-haza rd . They use t h e i r own boats and only 5% c a t t l e 
have been l o s t due to f loods du r ing the l a s t f i f t y y e a r s . 
The s o c i a l c o n d i t i o n i s not so good as t h e i r economic c o n d i t i o n 
and t h i s i s mainly because they have developed a number of 
a l t e r n a t i v e s fo r checking t h e i r economic l o s s e s , such as 
keeping more l i v e s t o c k , r a i s i n g the house l e v e l e t c . But 
t h e i r s o c i a l c o n d i t i o n i s badley d i s t u r b e d as they have l i t t l e 
educa t ion , poor housing c o n d i t i o n and only a few modem f a c i l i t -
. 32 l e s e t c . 
Sharma A.A.L.N., and Rao 5.D. (1981) made a r a t i o n a l 
approach t o quan t i fy t h e flood magnitude on the b a s i s of 
3 1 . Rao, K.L, I n d i a ' s water wae l th . New D e l h i , 1979 
32 . Kayastha 5.L, and Yadav R .P . , "Flood hazard i n lower 
Ghaghara p l a i n (U.P. I n d i a ) : A study in p e r c e p t i o n and 
impact on Socio-Econcraic development. Na t iona l Geographical 
j o u r n a l of I n d i a , v o l . 2 6 , p t s . l & 2,- 1980, pp .19 -28 . ~ 
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Wate r bi^lance c o n c e p t d e v e l o p e d by l a t e P r o f , T h o m t h 
w a i t e , 3o i t was t h o u g h t i m p o r t a n t t o know t h e a v a i l a b l e 
amount of e x c e s s w a t e r o v e r and above t h e w a t e r n e e d , I h e 
amount o t e x c e s s w a t e r ( w a t e r s u r p l u s ) t h a t i s a v a i l a b l e 
a f t e r m e e t i n g t h e demands of b o t h t h e a tmosphe re and s o i l 
c o n t r i b u t e s t o t h e s u r f a c e run o f f . The l a r g e a r r i v a l o r 
advancement of w a t e r ; i s t-^rmed a s f lood and i t d i f f e r s 
33 
from run o f f 0 ; i ly i n d e g r e e , 
A c i t i z e n s R e p o r t ( c e n t r e j f o r s c i e n c e and E n v i r o n m e n t ) , 
19 82 h a s i d e n t i f i e d o n l y 17 dams o u t of 1154 dams a s f lood 
c o n t r o l p r o j e c t s i n I n d i a , The r e p o r t h a s h i g h l i g h t e n e d t h e 
damages a r i s i n g o u t of t h e c o n s t r u c t i o n o f dams . Dams a r e 
i n c a p a b l e of a b s o r b i n g heavy f l o o d s and hove t o r e s o i r t t o 
p a n i c d i s c h a r g e s , l e a d i n g t o d e s t r u c t i v e f l a s h f l o o d s due t o 
h e a v y s i l t a t i o n which r e d u c e s s t o r a g e c a p a c i t y , A h i g h r a t e 
o t s i l t a t i o n n o t o n l y p u t s p r e s s u r e on dams bu t . i t a l s o 
d e p r i v e s t h e p l a i n s downstream of n u t r i t i o n a l b e n e f i t s . 
Dams a l s o i n c r e a s e i n c i d e n c e s of d i s e a s e s . E a r t h q u a k e s a r e 
t r i g g e r e d due t o t h e Impounding of m a s s i v e amounts o f w a t e r . 
T r i b a l p o p u l a t i o n a r e d i s t u r b e d b e c a u s e t h e s e dams a r e m o s t l y 
b u i l t i n zremote f o r e s t e d a r e a s ^nd t h e sudden i n f l u x of 
34 
modem system of l i v i n g c r e a t e s problem t o them, 
33 , sharma A.A,L.N,, and Rao S, "Some c l i m a t i c s t u d i e s on the 
inc idence of f loods a t s e l e c t e d s t a t i o n s of t h e r i v e r 
Mahanadi bas in" , Indian j o u r n a l of power and r i v e r valj^ev 
Development, v o l , XXXI, No. 3 and 4, March-April 1981, p,42 
34, Ihe s t a t e of I n d i a ' s Environment 1982 
A c i t i z e n s Report ( c e n t r e for s c i ence and Environment) 
New D e l h i , 
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A c c o r d i n g t o t h e Times of I n d i a D i r e c t o r y and y e a r 
Book 19b2, a s much a s 50 p e r c e n t of t h e f lood damage i s 
c a u s e d by t h e Himalayan r i v e r s . The work ing Group on f lood 
c o n t r o l f o r S i x t h P l a n (1980-85) s e t up by P l a n n i n g commiss ion 
h a s p roposed an o u t l a y of n e a r l y Rs 16 ,000 m i l l i o n f o r t h i s 
s e c t o r . T h i s i n c l u d e s r e q u i r e d o u t l a y f o r m o d e r n i s i n g f lood 
f o r e c a s t i n g sys tem and f o r f l o o d p l a i n z o n i n g . I n s p i t e 
o f t h e s e m e a s u r e s t h e damage due t o f l o o d s has shown a 
35 
r i s i n g t r e n d , 
K a y a s t h a , S . L , , (1983) p o i n t e d o u t , f l o o d s r e s u l t 
n o t o n l y from t h e o v e r f l o w of w a t e r b u t a l s o on a c c o u n t o f a l l 
o t h e r w a t e r t h a t i s not a b l e t o d r a i n o f f p r o p e r l y . The 
combined e f f e c t do assume f o r m i d a b l e p r o p o r t i o n s i n t h e 
form of s e v e r e f l o o d . The re i s o f t e n p e r i o d i c f l u c t u a t i o n 
o f w a t e r l i n e i n r i v e r s on a c c o u n t o f s e a s o n a l c o n d i t i o n s 
and w a t e r t a k e o f f f o r human n e e d s . I n I n d i a , o f a l l t h e 
n a t u r a l h a z a r d s , f l o o d s a r e t h e most d i s t r u c t i v e and t h e y 
i n v o l v e heavy e x p e n d i t u r e on f l o o d c o n t r o l and r e l i e f m e a s u r e s . 
Ihe pronene=5s t o f l o o d s i n N o r t h I n d i a n p l a i n s i n c r e a s e s from 
w e s t t o e a s t , 
i-he n o n - p e r i o d i c e x c e s s o r d e f i c i t o f w a t e r i n any 
g i v e n r e g i o n a l e n v i r o n m e n t g i v i n g r i s e i n t h e I n d i a n s c e n e 
3 5 . The r i m e s of I n d i a D i r e c t o r y and ^ e a r Book 1 9 8 2 , p p , 9 9 - 1 0 0 , 
3 6 , <ayas tha •S,L., " F l o o d s i n I n d i a ; A s t u d y o f t h e i r 
o c c u r a n c e , c a u s e s , f o r e c a s t i n g and c o n t r o l " The 
N a t i o n a l G e o g r a p h i c a l j o u r n a l of I n d i a , V o l . 29 , p a r t 
3 & 4 , s e p t - D e c 1983, p p . 1 2 1 - 1 4 1 , 
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t o n a t u r a l h a z a r d h a s been i n v e s t i g a t ed by some worke r s 
Abbi e t a l , (197 5) have examined t h e r e l a t i o n s h i p between 
r a i n t a l l and f l o o d s i n I n d i a d u r i n g t h e sou th w e s t monsoon 
p e r i o d of 1974 w h i l e M i s r a ( 1 9 7 1 ) and c h a t u r v e d i (1975) 
d i s c u s s e d t h e f l o o d p rob lems of Marathwada and U . P , r e s p e c t i -
v e l y . Arunachalara (1979) examined t h e c a u s a l f a c t o r s 
u n d e r l y i n g s e a s o n a l f l o o d i n g y e a r a f t e r y e a r i n G r e a t e r 
Bombay and p o i n t e d o u t t h a t f l o o d i n g i s a n a t u r a l phenomena, 
b u t t h e g r a v i t y becomes somet imes a l a r m i n g a s a r e s u l t 
o f unp lanned human i n t e r f e r e n c e w i t h t h e n a t u r a l f a c t o r s . 
SiKka (1973) d i s c u s s e d t h e norms and c r i t e r i a f o r i n i t i a t i n g 
s c i e n t i f i c measu remen t of f l o o d damages i n M.P . , t h r o u g h 
s y s t e m a t i c mapping of a r e a - s l o p e c h a r t s , s o i l and l and 
c l a s s i f i c a t o r y s y s t e m . S inha (1973) and SiXka (1973) h i g h l i g h t e d 
f l o o d r o u t i n g and f l o o d p r o t e c t i o n measu re s i n t h e Gandhis a g a r 
dam and on t h e Narmada a t Hoshangabad, t h r o u g h c h a n n e l 
c o n t r o l and on t h e b a s i s of h y d r o - m e t e o r o l o g i c a l d a t a . ana-
l y s i s K^maraswamy (197 3) h a s d e v e l o p e d a t e c h n i q u e of f l ood 
w a r n i n g t e s t e d t o f o r e c a s t f l o o d s i n Tamil Nadu, t h r o u ^ a 
h y d r o l o g i c a l - c u r a - m a t h e m a t i c a l model and VHF t e l e m e t r y w h i l e 
Pan jwan i (197 3) h a s d e s i g n e d peak f lood c o m p u t a t i o n f o r 
m a j o r m u l t i p u r p o s e r e s e r v o i r s on t h e Nartnada, Ramachandran 
and ThaKur (1972) h a v e examined human p e r c e p t i o n and a d j u s -
37 t m e n t t o f lood h a z a r d i n t h e ganga f l o o d p l a i n s . 
3 7 . Arunachalam B. " w a t e r Rv s o u r c e s o f I n d i a , " A s u r v e y o f 
R e s e a r c h i n P h y s i c a l ceSgraphy^ IC5SR, New D e l h i , 1983 , o p , 
1 2 5 - 1 4 1 . 
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Nigel, /(/. Arnell (1984) finds t h a t , the National 
Flood insurance Programme (NEjp) both provides flood insurance 
t o fioodplain occupants and encourages local communities 
to adopt flood pla in land use regulat ions* As far as providing 
the core of the fedrai non-structual flood hazard management 
e f fo r t i s concerned the NFIP i s a centra l element in both s t a t e 
and local a c t i v i t i e s , -^  major issue influencing the success 
of the NFIP in curbing flood damage is i t s tireatment of 
p roper t ies bu i l t before the adoption of fioodplain regula t ion. 
Revision of the regulaitions concerning the rebui lding of flood 
damagod proper t i es would further a s s i s t hazard mi t igat ion 
s,^ ^ 38 e f f o r t s . 
Churchil l , R.R,, and Hutchinson, D.M.,(1984) worked 
in s r i Lanka and -, viewed tha t in seeking a v iab le , l©ngtertn 
management pol icy , the Sri Lankan government recent ly adopted 
a plan to move the municipality of Ratnapura to invulnerable 
nigh ground^ In making the decision to r e loca te , however, the 
a t t i t u d e of the res idents viewed re loca t ion as an unacceptable 
solution to the problems. Although individual a t t i t u d e con-
cerning r e s i d e n t i a l s a t i s f ac t ion in the context of the 
flood hazard varied with factors such as income, l e n ^ h 
of residency and land tenure, an overwhelming number of 
3to. Nigel, W. Arne.il, "Flood Hazard Management in the United 
States and the National Flood Insurance programme," 
Geoforum, Vol, 15, NQ. 4, 1984, pp. 525-542, 
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r e s i d e n t s a a d a m a n t l y m a i n t a i n e d t h a t t h e y would n o t move 
39 t o t h e new town , 
Mohan D h a r i a (1987) p o i n t s o u t t h a t though i t may 
a p p e a r t o be s t r a n g e bu t t h e d e s t r u c t i o n of f o r e s t s which 
h a s been t h e c a u s e of d r o u g h t i s a l s o t h e c a u s e of d e v a s t a t i n g 
f l o o d s in t h e c o u n t r y . Due t o t h e absence of t r e e s and o t h e r 
v e g e t a t i o n t h e r e i s no r e s i s t a n c e and t h e w a t e r s which p o u r 
on t h e t o p of t h e h i l l s flow dcwn w i t h a l l p o s s i b l e speed 
and v e l o c i t y , rhe r a i n s and t h e f a s t f l o w i n g w a t e r d i r e c t l y 
come i n c o n t a c t w i t h t h e t o p s o i l a l r e a d y l o o s e n e d by t h e 
sun and winds and c a r r y / t h e same t o t h e r i v e r b e d s , dams and 
t h e s e a . The d e e p r i v e r beds h a v e been filffidj w i t h t h e s i l t 
and have l o s t t h e i r e a r l i e r c a p a c i t y t o s t o r e t h e w a t e r . 
The w a t e r coming down from u p s t r e a m s , n a t u r a l l y s p r e a d s a l l 
o v e r t he low l e v e l a r e a s on bo th s i d e s o f t h e r i v e r s and 
c o v e r t s i t s e l f i n t o t h e d e v a s t a t i n g f l o o d s , Pe rmanen t p r e v e n t i o n 
of f l o o d s and p r o p e r sys tem t o c o n t r o l them a r e move a d v i s a b l e 
t han t h e y e a r l y ad hoc a r r a n g e m e n t s and heavy e x p e n d i t u r e 
40 i n c u r r e d i n t h e most unp lanned manner . 
3 9 . C h u r c h i l l R.R, and H u t c h i n s o n D . M , / ' F l o o d Hazard i n 
R a t n a p u r a , S r i l a n k a ; I n d i v i d u a l A t i t u t d e s VS c o l l e c t i v e 
A c t i o n / ' Geoforum, Vo l , 15 , N o . 4 , 1984, p p . 5 1 7 - 5 2 4 , 
4U. Mohan D h a r i a , A f f o r e s t a t i o n i n I n d i a , Pune 1987 . 
Chapter - Three 
UTTAR PRADESH : RELIEF AND DRAINAGE 
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U . P . RELIEF AND DRAINAGE 
I n t e n n s of a r e a U t t a r P r a d e s h i s t h e f o u r t h 
l a r g e s t s t a t e i n I n d i a and r a n k s f i r s t i n t e r m s of p o p u l a -
t i o n . I t i s t h e on ly s t a t e i n t h e c o u n t r y whose boundary 
l i n e Was n o t a f f e c t e d by t h e r e o r g a n i s a t i o n of s t a t e s 
t h a t tooK p l a c e i n 1956 , 
U t t a r P r a d e s h i s a l a n d locked s t a t e l y i n g between 
2 3°52 ' and 3 l ° l 8 ' 'A l a t , and 77°10 ' and 89°3 9' E l o n g . 
I t i s bounded by T i b e t and Nepal i n t h e n o r t h , Himachal 
P r p d e s h i n t h e n o r t h w e s t , Pun jab D e l h i and Haryana i n 
t h e /Vest, Raj as t h a n i n t h e s o u t h w e s t , Madhya P r a d e s h 
i n t i ie s o u t h and B i h a r i n t h e e a s t . The r i v e r Yamuna forms 
p a r t of t h e w e s t e r n bounda ry , t h e r i v e r Ganga p a r t of t h e 
s o u t h e r n b o u n d a r y and t h e r i v e r Gandak p a r t of t h e e a s t e r n 
Doundary of t h e s t a t e , 
PHYSICAL FEATURES : The s t a t e i s d i v i d e d i n t o f o u r p h y s i c a l 
r e g i o n s ; t h e h i l l a r e a s i n t h e n o r t h a l o n g t h e H ima la ya s , 
a sub- raontane t r a c t coiiiprisijng Bhabar and T a r a i , t h e 
Yamuna Ganga p l a i n w i t h f e r t i l e a l l u v i a l s o i l , and t h e 
h i l l p l a t e a u r e g i o n l y i n g t o t h e s o u t h of t h e Ganga p l a i n 
The Himalayan t r a c t i n t h e e x t r e m e n o r t h c o m p r i s e s t h e 
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Kumaon Division and pa r t of Dehra Dun d i s t r i c t . This 
region i s mountainous with some very high peaks (of which 
Nanda Devi i s the highest, 7,698 metres) . The snow clad 
peaKs give r i s e t o several r i ve r s which carry s i l t t o the 
p la ins rendering the land f e r t i l e for ag r i cu l t u r e . These 
r i v e r s provide a perennial source of i r r i g a t i o n and s i t e s 
for generating hydel power. 
The sub-montane t r a c t between the Ganga and Sarda 
r ive r s has two d i s t i n c t | i o r t ions . Iimediately below the 
h i l l s l i e s a s t r i p of land cal led the Bhabar (means porous) , 
A large por t ion of Bhabar i s covered with fo res t . Below 
the bhabar i s a wider s t r i p of land cal led the Tarai, a damp 
and marshy t r a c t covered for ,the most pa r t with thick 
jungle and t a l l grasses . 
The grea t Ganga pla in i s bu i l t up of the d e t r i t u s 
( a l l u v i a l s i l t ) from the Himalayas and i s traversed by the 
r i v e r s Yamuna, Ganga and Ghaghara, which run almost p a r a l l e l 
to each o ther . The northern l imi t i s marked by the smooth 
curve of the sub-montane t r a c t , but on the south i t i s very 
i r r e g u l a r as the rugged surface of the south plateay 
in t rudes in to the smooth a l l u v i a l t r a c t . The en t i r e plain 
slopes general ly from north-west to south-eas t . 
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In t h e s o u t h - w e s t and s o u t h - e a s t t h e two s m a l l t r a c t s 
d i r f e r c o n s i d e r a b l y from t h e p l a i n i n t d p o g r a p h i c d e t a i l s . 
The f o u r d i s t r i c t s ( j a l a u n , Banda, Hamirpur and j h a n s i ) i n 
t h e s o u t h - w e s t form p a r t of t h e cent r$»l I n d i a n P l a t e a u known 
a s Bundelkhand r e g i o n . T h i s t r a c t s u f f e r s from e i t h e r an 
e x c e s s o r a d e f i c i e n c y of r a i n f a l l . The t r a c t i n t h e s o u t h 
e a s t conforms t o t h e m i r z a p u r d i s t r i c t most of which i s 
v a l l e y s , h i l l s , r a v i n e s c r a g s and has c o n s i d e r a b l e d e p o s i t s 
o f l i m e s t o n e . 
Gap LOGY : 
An a l m o s t i m p e r c e p t i b l e change i n e l e v a t i o n and 
uni forro s u r f a c e m a t e r i a l a r e t h e two n o t e - w o r t h y f e a t u r e s 
i n t h e phys iognomy of t h e r e g i o n . L ike i t s c o u n t e r p a r t , t h e 
m i d d l e Ganga p l a i n i n t h e e a s t , i t a l s o forms p a r t of t h e 
a l l u v i a l f i l l e d a s y m m e t r i c a l Indo-Ganga t r o u g h wi th a d e f i n i t e 
d i v i d e d formed by t h e s u b t e r r a n e a n D e l h i R i d g e , a p r o t r u s i o n 
o t t h e J ^ e n i n s u i a r Block , The p r e - t e r t i a r y r i v e r - b o r n e d e b r i s 
from t h e p e n i n s u l a l a t t e r s u p p l e m e n t e d r a t h e r more v i g o r o u s l y 
by t h e upper and p o s t t e r t i a r y Himalayan d e b r i s , y e t t o u n d e r g o 
i n t e n s e c o m p a c t i o n , c o n s t i t u t e by and l a r g e , t h e a l l u v i a l 
f i i l i n g , " Al luv ium i s one c o n t i n u o u s and c o n f o r m a b l e s e r i e s 
o f f l u v i a t i l e and s u b - a e r i a l d e p o s i t s , m a i n l y composed o f 
u n e o n s o l i d a t e d b e d s of c l a y , s and , g r a v e l and t h e i r m i x t u r e 
51 
20 in varying proport ions . Oldham estimated the depth 
oi the alluvium between 4oOO-60UO metres and Burrard 
considered the existence of a fau l t with 32 km down-
through near the Himalaya, Later Glennie estimated the 
thicKness a t about 2 000 m. The recent findings of the 
aeromagnetic survey of the Ganga val ley have thrown 
much l igh t on the depth of the alluvium and nature of the 
trough. I t r a the r replaces the hypothesis of the f ronta l 
p la in by the dovmwarp. Though the a l l u v i a l f i l l i n g on 
an average is 130C -14 00 m decreasing gradually southward, 
a zone of over 8MOO m depth runs a l l along the Himalaya, 
The extensive pre -ex is t ing bas ins , such as Kathgodam 
LaKhimpur basin and Bahraich basin and s imi la r others 
such as Gorakhpur and Motihari basins f a l l i ng in the 
Middle Ganga pla in and connected together with ^^arrow 
necXs, probably petween the peninsular project ions , have 
peen indicated within the 800o m depth zone. The westward 
Decrease oi the depth i s well marked lying to the west 
or the Moradabad^ Kathgodam alignment has l e s s than 60oO m 
depth o± the alluvium. The Doab south of Bulandshahr has, 
in general, less than 1500 m a l l uv i a l depth. Thus in the 
south the a l l u v i a l cover, gradually th ins out t o a mere* 
veneer, f i na l l y merging with the i r r egu la r edge of the 
peninsular blocK, The a l l u v i a l depth i s , a t places 
So. Mathur, R.N."Some c h a r a c t e r i s t i c features of water Table 
in Meerut D i s t r i c t , U.p."N,G. J . I . VII(4 Dec. 1961 )pp.264. 
^l, Hari Narain," Airborne Magnetic suirveys", Proceedings 
of seminar on earth sciences , Pt, I Geophysics(Hydrabadp 
The Indian Geophysical union 1965)pp,119-129, 
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l e s s than 3000 m thick probably on the detached pro t ru-
sions of the peninsular block as around Shahjahanpur and i s 
l e s s than 1500 m near Faizabad and Gonda, Although nearly-
half of the upper and middle Ganga p l a in lying roughly 
to the south of the Hapur-Etah-Unnao, Pratapgarh- Bhadohi-
Ghazipur-jagdishpur-Haj ipur and Pumea alignment has 
less than iSOO ra thick al l j ivial deposts . The subterranean 
c r u s t a l d i s loca t ions , the probable cause of the earth 
qiiaKes, have also been iden t i f i ed more or less separating 
the aforesaid basins, notable being Moradabad-Kathgodam, 
Balamau-xheri and Muzaffarpur East oi Buxar, The cons t i tuents 
of l i thology, i e , the Khadar, Bhangar and the gravels, 
a re but the var iants of the alluvium corresponding to 
t h e i r locat ion and subsequent process i s involved. The 
l i l t , c l a y and sand p a r t i c l e s renewed annually occupy the 
reverian t r a c t s (flood p l a in s ) , whereas the Bhangar 
occupy the i n t e r f l u v i a l zones above the general flood l imi t s , 
the const i tuants expsrisncing slow and secu la r changes. 
The gravels of the Tarai and Bhabar zones are the loosely 
se t sediments ranging from fine s i l t or clay p a r t i c l e s t o 
coarse sands, pebbles and sometimes even boulders and 
spread haphazardly in the zone of the break in slope at 
tne toot of the Siwaliks, one d i s t i n c t i v e character of 
the dhangar i s the forraatiou of Kankar pans in the 
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sub-soi l zone through cap i l l a ry act ion owimg to the 
a l t e rna t ing calcareous sand and clay beds here as 
also elsewhere in the zone of seasonal r a i n f a l l , which 
adds to the so i l moisture re ten t ion in the subsoil zone, 
SOILS : In t n i s region of almost uniform topogr?^hy 
and l i thology, the s o i l s are by and large , homogeneous. 
The a l l u v i a l so i l s with the va r i an t s , the usar and 
bhur, depending on the drainage conditions, mechanical 
and chemical cons t i tu t eo t s and the c l imat ic cha r ac t e r i s t i c 
a re observed in d i f fe ren t p a r t s . The two common types 
the Khadar and Bhangar with d i t t e r e n t local names whxch 
scmetimas stand for minute va r i a t ions in proper t ies , are 
quite widespread. The Khadar so i l s r e l a t i v e l y r ich in 
p lan t nu t r i en t occupy the narrow frequent s i l t a t i o n t r a c t s 
in the flood plains of the r i v e r s . They are Neutral to 
a lka l ine in react ion (pH 6-8), are de f ic ien t in organic 
mater ia l s spec ia l ly phosphorous and are sandy to loamy 
in t ex tu re . The Ganga xhadar s o i l s have immature p ro f i l e s 
with sandy to s i l t y loam texture , lacK of concretion, 
t a i r proportion of lime and other soluble s a l t s and are 
dlKaline in reaction (PH 8), with imperfect dra inage. The 
Yamuna Xhadar so i l s have sub-mature p r o f i l e with predominance 
or clay and concentrati:^n of lime and other soluble s a l t 
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contents under the poor drainage condi t ions . Even the 
Yamunapar Khadar a lso di f fers having mature neu t ra l 
reac t ion (PH 6.8-7.2) under the r e s t r i c t e d drainage 
condi t ions . F e r t i l i t y i s revived owing to frequent 
s l l t a t i o n . 
In general the soluble salts and lime are low 
and show netural to slightly acidic na.ture except pH 
6-7.5 in the lowlying areas prone to water logging. 
Illuviation is a common characteristics everywhere. In 
the proximity of the Ganga these are loamy to sandy loam in 
texture while near the Yamuna the silt content decreases 
giving sandy to sandy loam texture possibly due to excessive 
drainage. «• 
Among the variants worth noting are the usar (reh) 
soil in a sizeable tract in the Ganga-Ghaghara Doab from 
Sultanpur, Pratapgarh, through Rae Bareli, Lucknow, Hardoi, 
Shahjahanpur etc, contiguous with the tract of the middle 
Ganga plain, caused by the efflorescence of sodium carbonate 
and sulphate under the alternating rainy and dry season, 
high water table and alkaline composition. 
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Another var iant , the bhur, the sandy r ive r deposit , 
i s highly local ised in Ramganga t r a c t and i n the narrow 
b e l t along the Ganga, 
The submontane so i l where two physiographic un i t s , 
the bhabar and t a r a i are bedded with t e x t u r a l l y d i f f e ren t 
s o i l s . The bhabar so i l i s sandy to gravel ly, highly 
porous and aerated and has lower moisture re ta in ing 
capacity, while the t a r a i zone i s provided with rich 
clayey s o i l , with some proport ion of fine sand, moisture 
and r ich humus. The two zones are th ickly forested. The 
defores ta t ion in the Tarai i s bringing considerable changes 
in the s o i l texture , humus con ten t , e tc . 
GROUiC). WATER j The region i s p o t e n t i a l l y qui te rich in 
ground water resource, both free and confined. The 
Confined aquifer (permanent water table) generally s t r i ke s 
between oO-9Q m depth, while the temperory water t ab le 
( f ree aquifer) depth i s l e s s than 30 m with wide spa t i a l 
and seasonal va r i a t i ons . The information regarding the general 
occurrences is quite inadequate to explain the actual 
•onditions. The free aquifer bears s ign i f i can t re la t ionsh ip 
with the re l ief , geological s t ruc ture and ex is t ing water 
channels, as r ivera in .<hadar t r a c t s show, in general. 
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lower water table which probably owes t o seepage, which 
the heavy clay be l t s of the bhangar have higher water 
t;5ble. The canals , however, are the exceptions which add 
consxderably in bringing the water table higher up as 
a lso in the punjab p la in , A work in t h i s f ie ld by a student 
or Geography i s tha t of H.N. Mathur in the Meerut d i s t r i c t , 
v/here about 2 0% of the observation wells show less than 
3,3 - 10 m, the zones of high and low water table are 
highly local ized as most of the f i r s t category wells 
are in the v i c i n i t y of the canals and those with lower 
water tab le are near the r i v e r s , the Ganga, the Yamuna 
and the Hindon, Seasonal va r ia t ions are well marked as 
a lso in other pa r t s , 
CLIMATE : u t t a r Pradesh comprises only a small par t of the 
subcontinent of India, I t s climate can be understood b e t t e r 
i n the context of wind c i r cu la t ing systems prevalent 
in India and adjacent a reas . 
Broadly, India l i e s in the regimes of two great 
a i r current systems of summer and winter months known as 
summer and winter monsoons or south-west and nor th-eas t 
monsoons respect ively when these winds reach the landmass 
the above mentioned d i rec t ion can be noted, but when these 
winds reach Uttar Pradesh, the d i rec t ions become south 
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e a s t e r l y and north-westerly , respec t ive ly . The summer 
monsooiis enter Uttar Pradesh usual ly towards the end of June, 
Ut tar pradesh gets most of i t s raj.nfall in summer, whereas 
the winter months bring a few showers from the north-westerly 
monsoons. 
While studying the c l i n a t e of Ut ta r Pradesh, temperature 
snould be kept in sight as a factor since climate is the sum 
t o t a l of a ser ies of weather conditions which include temperature 
o s ides pressure and othar f ac to r s . The mean annual tetnperature 
in plains var ies from 25 C t o 2 6.6 c . In the foo th i l l s and 
h i l l s of U,P., the mean annual temperature i s about 13,3 C 
To toe north of the isotherm 25 C which passes through 
.'^ligorh, Bahraich and GoraKhpur the temperature decreases 
as the a l t i t ude increases t i l l we reach Dehra Dun which 
r e g i s t e r s the lowest mean annual temperature in the p l a i n s . 
To the south of t h i s isotherm the temperature does not show 
any appreciable decl ine, except in jhans i and remains more 
Or less the same in the cen t ra l and southern p la ins of U,P, 
The mean annual minimum temperature in the p la ins 
var ies from 15.5°C t o 20.5°C. The record for the h i l l y area 
i s 10°c, whereas to the north of 18.3°C isotherm the 
temperature decreases as the l a t i t ude increases upto Dehradun. 
The mean annual minimum temperature of the southern and cen t ra l 
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p l a i n s of U.P. es recorded i s 18.8°C. 
The mean annual maximum temperature in the p la ins 
var ies from 30.5°C to 32.7°C with 17.2°c in the h i l l s . To 
the north of 3l.l'^C isotherm the phenomenon of decrease in 
temperature and increase in l a t i t ude i s repeated t i l l we 
reach DehraDun, There does not appear to be any appreciable 
change in temperature in southern U.P. 
Rainfa l l : From the average annual r a i n f a l l of U.P, i t i s 
evident that i t var ies from 839 mm to 889 mm. The isohytes 
trend from north-west t o the south eas t in an angular for-
mation. From a de ta i led study of the d i r e c t i o n s of the 
i sohytes , the following conclusions emerge ; 
i ) The area of the lowest r a i n f a l l i s bounded by a t r i ang le 
formed by joining Delhi, Mainpuri and Agra in the west 
of U.P. 
i i ) The areas of heavy r a i n f a l l are (a) the h i l l y regions 
with r a i n r a l l above 110 cm and the southern border of the 
s t a t e with r a i n f a l l exceeding lUO cm. 
i i i ) The highest gr--dient of r a i n f a l l va r i a t ion i s found t o 
occur in western U. p. and the lowest gradient l i e s in a 
be l t around Bahraich, Gonda, and Gorakhpur. An area 
of low gradient i s xanpur, Fatehpur, and Var'anasi, The 
s i tua t ion of these town wi l l ind ica te tha t they are 
located on the bends of the isohytes making angluar curve, 
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iv) Tne two "baggy" areas of U.Pt, i . e . Jhansi and Mirzapur 
d i s t r i c t s receive nearly the same amount of r a i n f a l l , 
DRAINAGE : Rivers with t h e i r t r ibu to ry system are the main 
channels of drainage of the land surface, they are a t the 
same time also the chief agents of land erosion and sculpture 
and main l ines for the t r anspor t of the products of waste 
of the land to the sea. Also drainage has to accomodate to the 
topograpny of the p lace . 
In the ext ra-peninsular area the drainage system owing 
to the mountain building movement of the l a t e Ter t ia ry age, 
i s of much more recent development. The r i v e r s here are 
not only eroding and t ranspor t ing agents but are a l so deposi t ing 
agents during t h e i r journey across the p la ins t o the sea . The 
t a c t is tha t the drainage i s not, in a large measure, consequent 
upon tne physical features, or the r e l i e f . In other words many 
oi the gj.eat Himalayan r ive r s are older than the mountains 
tney t r ave r se . The long-deep prec ip i tous gorges of the 
Himalayas^ cut t ing r ight through the l ine of the highest 
e leva t ion are most c h a r a c t e r i s t i c features of the geography 
and are at once the best-marKed r e su l t s , as they are the 
c l e a r e s t jjroots ot the inconsequent drainage of t h i s region, 
from th i s the Himalayan drainage i s called antecedent 
d rainage. 
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In the north ai:id nor th-eas t tne s t a t e i s drained by 
the r i ve r Ganga and Yarniina and t tr^rr t r i b u t a r i e s v '-River 
Yamuna i t j e l f i s the major t r ibu ta ry to r i v e r Ganga, Other 
c r ibu to r i e s to tha Ganga are the Ghaghara, the Sarju, the 
Sard a, the Rapti, the Gornati and the Hamganga, a l l of them 
emerging from the Himalayas. The r ivers Gornati and Ghaghra 
are often in floods during the rainy season and cause 
ser ious damage to human l i f e , l ivestock and property, Ganga, 
Yamuna and Ghaghra are used for navigation for long dis tances 
mainly for local ' t r a f f i c . In the suuth-west the drainage 
i s through the r ivers chambal, Sindh, Betwa, Ken and Sone 
a l l of w,hich jo in theGanga or i t s t r i b u t a r i e s . The Himalayan 
r i v e r s are more active than those coming from the Vindhyan 
range in f i l l i n g up the great plain with s i l t and they 
a lso provide more important source of i r r i g a t i o n and power 
s ince they have perennial supplies of water from monsoon 
r a i n f a l l supplemented by snow mel ts . 
The Ganga basin with a drainage area of nearly 
b, bl,4U0 sq. Km in India covers s l i g h t l y more than l / 4 th 
or i t s t o t a l geographical area and i s the biggest r ive r basin 
in the country, sretching from Uttarkashi d i s t r i c t of U.p., 
i t covers the whole of Uttar Pradesh. The f e r t i l i t y of the 
Ganga p la ins in U.p. has been mainly due to the fine alluvium 
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deposited by the rivers. The main rainy season of the basin 
is from June to September and accounts for 80-95 percent 
of the annual rainfall. The basin is so vast that the flood 
problem can be dealt with under various sub basins as follows : 
The Yamuna basin extends over an area of 2,26,755 sq, 
km. It also covers large area of U.P, besides other states. 
The shape of the basin is irrigular. The important towns 
situated on the banks of the river are Delhi, Mathura, Agra, 
Etawah and Allahabad. The flood problem in the basin is not 
severe but still it submerges areas in U.P, The district 
affected by floods in U.Po area Saharanpur, Muzaffarnagar, 
Meerut, Bulandshahr, Banda and Allahabad. 
The Ramganga basin extends over an area of 32,493 
sq.km. The basin receives most of its rainfall during south 
west monsoon season from June to September. The Ramganga has 
a shifting and uncertain course in the plains. During floods, 
the river overflows its banks opening out new channels and 
destroys the fertility of the land by depositing coarse sand 
on it. The affected districts are Bijnor, Moradabad, Bareilly, 
Badaun, Shahjahanpur, Hardoi and Farrukhabad. 
The Gomati basin covers an area of 30433 sq.km. and 
lies entirely in the state of Uttar Pradesh, It is roughly 
rectangular in shape. The basin is flat with a gradual 
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slope from north-west to south-eas t . The important towns 
s i t u a t - d on the banks of the r i ve r Goraati a re Lucknow, 
Suitanpur and jaunpur. 
The Ghaghara basin has a to ta l catchment 1,27,950 sq.km. 
of which the area lying in India i s 57, 647 km, the r e s t 
being in Nepal, The r i ve r brings large quan t i t i e s of s i l t 
during floods and deposi ts the same in i t s bed due to the 
poor bed slope and th i s r e s u l t s in the tendency to meander 
and consequent inundation of vas t a reas . The e n t i r e area 
on the r igh t of the Ghaghara in the Azamgarh and Bal l ia 
d i s t r i c t s i s l i a b l e to inundation from f loods. 
PHYSICAL RESOURCE BASE : The t o t a l physical resource 
base in the region is confined t o i t s r ich a l l u v i a l so i l 
and abundance ot water resources in i t s long perennial r ive r s 
The two together can serve as the best ingredients for b e t t e r 
development of agr icu l tu re . Relat ively l e s se r instances of 
rioods as compared to i t s counterpart , the Middle Ganga 
Plain and more assured water supply even a t present through 
the canals account for i t s ag r i cu l t u r a l p rosper i ty . I t 
may be strengthened through fur ther laying of more canal 
d i s t r i b u t o r i e s and providing i r r i g a t i o n f a c i l i t i e s to so 
far unir r igated lands. The hydel power generated from the 
water of the r i v e r s will go a long way in furthering the 
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the rura l e l e c t r i f i c a t i o n and wi l l provide subsidiary 
Occupations to the villcjges by way of the development of 
agro-based cottage i n d u s t r i e s . 
Further the forest resources of the t a r a i and the 
bhabhar can be used to develop forest , based indus t r i e s 
on a large as well as small s c a l e . There are no mineral 
resources other than g l a s ^ s a n d and lime concre t ions . In 
addi t ion the region has ample ground water resources which 
await survey and inves t iga t ion . The o i l and itotural gas 
commission i s inves t iga t ing o i l resources in Tara i , 
Though the upper Ganga p l a in i s r e l a t i v e l y more 
developed s t i l l i t i s having i t s own problems. Within t h i s 
region there i s much d i s p a r i t y in respect to economic develop-
ment. The upper Doab being the most developed and Avad£h 
Tarai being the l e a s t . 
There have beeii misuse of land resources l i k e ever 
grazing and defores ta t ion in most areas and t h i s has 
led to so i l erosion and ravine formation and a lso has 
accentuated flooding and- water logging, leading t o 
imbalance in the eco-systems. 
C h a p t e r - Four 
UTTAR PRADESH : FLOODS - CAUSES, EXTENT, 
DAMAGE AND CONTROL 
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CAUSES AND EXTENT : 
The state of Uttar Pradesh accounted for 24 percent 
of the total flooded area and 23 percent of the total 
damages in the country during the period 1971-1978, The 
eastern half of the state is more vulnerable wherein some 
area gets affected by floods almost every year. Eastern 
districts of Uttar Pradesh are most severly affected by the 
floods. The rivers which cause damage in this area are the 
Ghaghara, the Sarda, Gandak, and Rapti, The Ghaghara sub-
merges an area of 7769.97 sq, km, and the Rapti about 
3107.988 sq. km near the confluence of the Ganga and Ram 
Ganga, The problem of drainage congestion is also found in 
the western and north-western districts of Uttar Pradesh, 
As at the National level, in the state too, there 
was a gradually declining trend in the extent of floods 
during 1956-65 which was reversed in 1966. Floods were more 
frequent and more severe during 1966-71, but the situation 
improved somewhat thereafter. Again the years 1976 and 
1978 witnessed serious floods, of which that of 1978 was 
of unprecedented magnitude. These two floods brought 
about an upward trend in the total area affected. 
The Himalayan rivers stand out as a separate class, 
the occurrence of floods in them is almost an annual 
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phenomenon. The reason for it is heavy rainfall in the 
Himalayas, steep slopes of the rivers before they debouch 
into the plains and also absence of eaSy outflow facilities. 
In Uttar Pradesh extensive riverine areas along 
the perennial rivers get annually inundated to varying depths. 
Most of such areas lie within the meander belt of the rivers 
in the Ganga plains. They are locally called 'Khadir* lands 
in western Uttar Pradesh and 'diara' lands in eastern districts 
of Ballia, Ghazipur, etc in the state. Due to continuous 
process of destructions and accretion or reformation by the 
river, the riverine land is often under dispute for owner-
ship. Where the river meanders, the 'diara' land extends 
over a width ranging up to 12 km, but in straight sections 
of deep river bed, such land lies in the strips along the 
banks. Estimated extent of 'diara' land is about 15,41 lakh 
hactare along the Ganga, the Yamuna, the Ghaghara, the 
Sarda, the Ramganga, the Gomti and the Kalinadi, Table 1 
shows estimated area of diara land along different rivers. 
According to the survey, it is seen that large percentage 
of the area of the district is under 'diara' in Ballia, 
Ghazipur, Allahabad, Farukhabad and Etah, According to 
topo-sequence 'diara' land is generally divided into three 
categorits (a) low bank or Khadir region, (b) terai or 
slightly elevated mid-region and (c) trans-khadir or relatively 
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flood-free upland. Cucurbits and other vegetables are 
grown in these areas. These categories among themselves 
vary in soil character and cropping patterno For instance, 
Ghaghara 'diara' lands are calcareous and coarser in texture 
while Ganga 'diara' lands in the eastern end of the state 
are fine and clayey in texture. 'Diara' lands are free 
from floods for a short period which varies from 3 to 10 
months. Table 2 shows the distribution of 'diara' area in 
selected districts of Uttar Pradesh. 
Table - 1 
Distribution of estimated area of 'diara' land along 
different rivers of Uttar Pradesh. 
Rivers Diara(lakh ha) 
Ganga 4.08 
Yamuna 3.98 
Ghaghara 1,58 
Sarda 0,72 
Ramganga 1,73 
Gomti 2.02 
Kalinadi 1.30 
Total 15.41 
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Table - 2 
'Diara' area lying in 9 selected districts of 
Uttar Pradesh 
District Diara Area(lakhha) 
Meerut 
Etah 
Farukhabad 
Kanpur 
Allahabad 
Mirzapur 
Varanasi 
Ghazipur 
Ballia 
18.8 
103.4 
142 0 2 
54.5 
1-24.2 
17.5 
14.9 
65.8 
165o6 
-
(23.5) 
(23.5) 
( 8.9) 
(17.0) 
-
( 2.9) 
(20.7) 
(30.7) 
Total 706.9 
(Figures in bracket indicate the percent of the district 
as 'Diara' land) 
Each river system has its own characteristic periods 
and causes of flooding. All river basins are prone to floods 
in view of the extreme variability of the monsoons but there 
are some basins like Ganga which are subject to serious 
floods every year. The core of the flood problem lies in the 
Ganga basin having 60% of the flood prone area in the country 
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and 60 million hectares of cultivated area. Most of the 
catchments of river Genga and its tributeries have, over 
the years, undergone degradation due to indiscriminate 
exploitation of forests, excessive grazing and faulty 
agricultural practices. This has led to the loss in reten-
tion capacity of the catchments and consequent increase 
in the run off and sediment flow which tends to upset the 
river regime and causes problem. 
It is evident that increase in damage from floods 
is due to accentuation of floods on account of ecological 
damage, especially destruction of natural vegetation and 
unregulated explosion of settlements in the flood plains, 
It may appear to be strange but the destruction of forests 
which has been the cause of drought is also the cause of 
devastating floods. Due to the absence of trees and other 
vegetation there is no resistance and the waters which pour 
on the top of the hills flow down with all possible speed 
and velocityo So the water runs off the soil surface directly 
to the channels without being intercepted by vegetation, whereas 
formerly it was held in the root zone of the soil and 
allowed to infiltrate. In this way the rains and the fast 
flowing water directly come in contact with the top soil 
already loosened by the sun and the winds and carry the 
same to the river bed. The deep river beds have been filled 
with the silt and have lost their earlier capacity to store 
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the water. The water coming down from upstreams, naturally 
spreads all over the low level areas on both sides of river 
and converts itself into the devastating floods, 
A very remarkable cause of floods in these rivers is 
acute kink in the longitudinal profile. All the rivers issuing 
from these high mountains make an acute kink in their longi-
tudinal profile at the junction of two contrasting slopes of 
steep mountains and the flat plain. In the upper mountainous 
course of Ganga strean. from Gangotri3139.44 metres) to Hardwar 
(304.8 metres) a sheer drop of about 2743.2 metres is noted 
in about 241.40 km making a very steep gradient of about 
i;88, while along its course from Hardwar to Bay of Bengal 
the gradient is 1:7000 only. So in this way it is noted that 
the velocity and transporting power of streams directly 
depend on the gradient. So that rivers rushing down the steep 
mountains are suddenly slakened, their speed and power stran-
gulated as soon they debouch on to the gentle plain. These 
mountain slopes are one of the rainiest regions recieving 
over 254 cm of rainfall annually, most of which i.e. 70-80 
percent is concentrated in about three months from mid-June 
to mid-september. Added to this is summer melt water of sn.ow 
and ice. The heavy downpour on the rivers during the wet 
season is easily discharged in the mountainous course due to 
steep gradient. But when the avalanche of water plunges on 
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to the flat valleys of the plain, the slope is inadequate 
to cope with this emergency discharge and water spreads 
submerging low lands under floods. 
Because of the sharp kink in the longitudinal profile, 
the rivers transporting down huge load of sediments from 
the mountains fail to do so efficiently on the plain and 
hence deposit them in their valleys. In certain cases the 
amount of debris is so huge that piedmont alluvial cones and 
fans are built. The river Kosi, which is so notorious for 
her disastrous floods has been building a vast cone debris 
about 160.93 kms long with its apex at Chatra, just outside 
the mountain range and the base along Ganga, In this way rivers 
get shallow and are unable to drain away the flood water and 
become liable to change paths not infrequentlyo The Kosi 
river has been moving westward for about some years. 
Almost all the Himalayan rivers flowing on the 
northern plain have Qnly one common exit, i.e. the River 
Ganga. During the wet season when these tributaries bring 
down the enormous amount of rain water, their mouth is 
choked by the already swollen main river causing over-flows 
and floods. 
An important feature of monsoon rainfall over the 
state is its great concentration in short period of the 
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year. It is noted that 70-75 percent of rainfall annually 
is concentrated within only 23 to 36 days, Agra for 
instance with 68.07 cm of annual rainfall receive 80 percent 
of it i.e. 52.8 cm in a short duration of only 23 days. 
Similarly the situation becomes worst when there is excep-
tionally heavy downpour in the course of a few hours or 
a single day. Sometimes such exceptional but copious rainfall 
extends over thousands of square kms persisting for two to 
three days continuously. The districts like Allahabad, 
Saharanpur, Muzaffarnagar, Bijnor, Meerut, Moradabad and 
Pilibhit have been recording such rainfall for long span 
of time. Thus in this case it never rains but pours on 
these plains. Therefore sudden release of copious water 
swells the rivers into floods as the river cannot drain 
away unexpected and profuse water supply in so short a 
timeo The problem in such type of down pour that creeps 
up is, ground is already wet and does not reduce the run 
off by soaking and also the evaporation is less due to 
high humidity and cloudiness, all the conditions do favour 
floods. 
Another reason for floods in this area is that 
lakes are practically absent due to which its function as 
safety valve during floods by absorbing the excess water 
is absent. 
Meanders greatly retard the velocity of the stream 
by interlocking spurs formed between the curves. So that 
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whenever there is heavier supply of water due to excessive 
rainfall or melting of snow, the tortuous course with 
jutting bluffs constrict the discharge and water overflows 
on to the plains. Fig ( ^  ). 
Yet another problem is that Himalayan rivers 
are subject to occasional catastrophic floods, due to 
landslides in their upper courses on the steep mountains. 
They flovy through deep gorges where a big landslide may 
dam up a huge reservoir. Sooner or later this temporary 
embankment collapses, releasing vast quantities of flood 
waters A very old example of it is the great flood in 
Garhwal in 1894, which were caused by a huge landslide 
which completely blocked the valley of river Bireh Ganga 
to a depth of 243.84 metreso 
The extensive high Himalayas are probably the only 
exception in the world which have a broad and vast low 
land against the windward steep slopes. Due to this all the 
rain water spreads through the sluggish and hyperbolic rivers 
for thousands of Kilometres, first on the flat land, before 
draining into the distant sea. Added to this is the problem 
of flood-water discharge contributed by the southern 
tributaries into the same trough like receptacle of the 
Ganga plain. Thus any excessive rainfall is bound to flood 
t./is synclinal basin between the mountains and the sea. 
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Human factors further contribute to the rivers 
propensity for flood besides physical factors. It is a 
fact that ruthless distruction of forests on the Ganga 
plain to satisfy the needs of ever growing population has 
hrd its repurcussion through floods. Natural vegetation 
specially forests regulate and retard the surface run off 
and soak the rainwater in the roots. The foliage also 
absorbs certain amount of rainfall at time of drip down. 
Soil erosion is thus checked which would have silted a 
river causing frequent overflows. 
Flooding is a natural phenomena which enables the 
rivers to develop their flood plains. The marked seasonality 
of rainfall and its torrential nature makes the situation 
highly flood prove» It would be interesting in this regard to 
refer to a newspaper report from Delhi entitled 'Downpour 
throws city out of gear.' It says that the first heavy rain 
of the season in Delhi on 29 and 30 June, 1981 washed away 
a myth about the local administrations capacity to face 
the floods efficiently and the much publicized claims about 
full preparations to meet monsoon went down the drain. 
Report from Mainpuri town of Uttar Pradesh, stated that in a 
single day on 29 June 1981, 23.5 cm rain fell, causing 
extensive damage to property, 
1, Report, Downpour Throws city out of Gear, The Statesman, 
New Delhi, Dt. 1.7.81. 
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DAf'''AGE : Since the int^atTon of flood control programme 
in 1954, considerable progress has been made in protecting 
areas from floods. The amount yearmarked has also increased 
in successive plans. Large scale floods have occurred in 
Uttar Pradesh in 1978 and 1971 when a total of 52.6 lakh 
hectares were a'fected of which 26,5 lakh hectares were 
under cultivation. A number of districts, particularly in the 
eastern region of the state were affected. The more severely 
affected among them were Bahraich, Gonda, Basti, Sitapur, 
BaraDanki and Varanasi which together accounted for 36 per-
cent of crop areas submerged in the state. Damage by floods 
during 1980 in Uttar Pradesh was 5.857 million hectare in 
terms of area and 30,347 million population was affected, 
where as 1,309 human lives were lost. Similarly in 1981 
the situation was that floods effected 3.0 million hectare 
of land, 14.6 million population and 427 human lives were 
lost which is less than the previous year but in 1982 it 
was 5.5 million hectare of land effected, 23.3 million 
population and 562 human lives were lost so it shows a rise 
in darr.oge again. Table 3(A) shows the trend of area affected 
by floods and table 3(B) shows damages since 1953 to 
1978 in Uttar Pradesh. 
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TABLE-3 
Uttar Pradesh : Trend in area affected by Flood and damage. 
A : Area affected (Lakh hectares) 
Year 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
Crop area 
annual 
NA 
7.4 
25.7 
* 
9.3 
* 
6.3 
-X-
8.1 
Neg 
5.9 
2.2 
10.6 
12.0 
7.7 
Neg 
2.8 
15.2 
4.0 
13.1 
17.0 
26.5 
1.8 
15.0 
9.0 
13.8 
21.6 
6.1 
39.3 
non-crop area 
annual 
NA 
6.1 
15.6 
* 
15.7 
* 
10.7 
* 
13.7 
0.7 
26.6 
20.7 
Nil 
0.6 
2.9 
0.8 
2.4 
19.1 
4.0 
10.9 
12.1 
26.1 
1.3 
11.3 
4.5 
8.0 
14.7 
6.9 
34.1 
Total annual 
9.1 
13.5 
41.3 
25.0 
17.0 
21.8 
0.7 
32.5 
22.9 
10.6 
12.6 
10.6 
0.8 
5.2 
34.3 
8.0 
24.0 
29.1 
52.6 
3.1 
26,3 
13.5 
21.8 
36.3 
13.0 
73.4 
* Figure estimated 
NA - Not available 
Neg- Negligible 
B : Damages at constant (1952-53) prices 
(Rs. in lakhs) 
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Year 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
* - Est 
Source : 
Crop damage 
annual 
1026.57 
700.21 
3028.70 
2126.73 
982.50 
1094.59 
Neg 
726.00* 
265.91* 
1571.97 
1443.69 
748.70 
6.68 
364.01 
2512.48 
386.78 
1486.30 
1731.78 
4414.86 
109.39 
2081.91 
1376.99 
758.69 
5027.03 
1745o00 
8975.56 
imated 
non-crop damage 
annual 
199.62 
169.68 
319«13 
691.33 
482.15* 
167.84* 
1.21* 
376.08* 
23.61* 
100„24 
241.28 
21.85 
1.24 
48.03* 
286.20 
24.87 
182.39 
1163.25 
2850.39 
103.44* 
476.22 
1256.84 
206.51 
1624.54 
514.16 
4279.65 
Neg - Negligible 
Basic data furnished by Central 
Total damage 
annual 
1226ol9 
869.89 
3347.83 
2818.06 
1464.65 
1262,43 
1.21 
1102.08 
289.52 
1672<,21 
1684.97 
770.55 
7.92 
412.04 
2798.68 
411.65 
1668.69 
2895.03 
7265.25 
217.83 
2558.13 
2633.83 
965.20 
6651.57 
2259.16 
13255.21 
Water Commission 
to 
HI 
< 
O 
LU 
X 
a. 
Hi 
a. 
LU 
o 
< 
Z 
< 
o 
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CONTROL : Flood control should not be considered as an 
end in itself, rather it is the means to an end. Flood 
control has to be viewed within the broad context of the 
economic and social development» Management of floods should 
be considered in the context of the overall plan for manage-
ment of the water resources of a river basin. 
In Uttar Pradesh an additional chief Engineer 
(Planning) is in charge of overall planning of irrigation 
and of flood control works. He is assisted by one superinten-
ding Engineer at headquarters for planning and examination 
and two in the field for investigations and construction 
of flood schemes. The circles in charge of irrigation works 
also investigate and execute flood schemes falling in their 
jurisdictions. 
It is quite true that flood cannot be controlled. 
What one can do is regulate the flow of water as far as 
possible, within the river and its channels so as to minimize 
the extent of damage.Measures to affect this are biotic, 
engineering and administrative in nature. Studies have shown 
that rainwater takes about 12 hours to reach the ground 
and about 48 hours to reach the water course. In this 
process the soil is saturated and water trickles. The 
rush and violence of water is not there, thus avoiding 
%l 
the quick peak flood formation conditions the accelerated 
erosion and sedimentation. Deforestation tends to increase 
total stream flow and alter the balance between peak and 
base flow. Uttar Pradesh is the victim of self reinforcing 
spiral of environmental deterioration. The frequency and 
intensity of floods has increased mainly due to uncontrolled 
exploitation of forests in the Himalaya. 
For prevention and control of floods, the engineering 
measures include construction of flood control and flood 
protection works like detention reservoirs, embankments, 
river training, town and village protection and drainage 
schemes. Engineering measures should be supported by better 
landuse so that it may not create problems like faster 
siltation. The effectiveness of reservoirs in moderating 
floods would depend upon the capacity available for absorbing 
flood runoff. Because of high cost, reservoirs should be 
made for multi-purpose, with flood moderation as one of its 
function. Permanent water bodies like beels and lakes could 
be developed for pisciculture and aquaculture and also 
used for flood moderation where feasible, A large proportion 
of the rainfall infiltrates into the ground and maintains 
soil moisture and ground water. To the extent that the 
iniiltration is increased, the direct surface runoff is 
decreased. A substantial part of the rain water, which 
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infiltrates into the soil, is used up by evaporation or 
evapo-transpiration, and does not appear as surface runoff. 
Part of the water which percolates into the ground water 
zone reappears as surface water in springs and streams, 
mostly after the peak of the flood runoff has passed, 
Measures for increasing ground water recharge are, therefore, 
conducive to reduction of flood runoffe This may be in the 
form of land management for water conservation, water 
spreading, water harvesting structures, recharging wells etc. 
The capacity of the natural drainage system is seldom enough 
to safely carry large flood flows. Measures like embankments, 
channel improvements, emergency floodways, river diversions 
and interbasin transfers may be adopted. 
The administrative measures are primarily disaster 
prevention measures aimed at minimise loss of life and 
property by planning in advance. Such measures are flood 
farecasting and flood warning, flood fighting, evacuating, 
community shelters for people, and raised shelter platforms. 
It is also suggested that insurance be introduced to people, 
agriculture and industries which suffer from floods. 
A further aspect of flood plain management involves 
consideration of alternative ways of adjusting to floods, 
either by propecting installations on the flood plain, by 
adjusting activities to cope with floods, by evacuation or 
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by local authority zonxngf of the floodplain to prevent 
high-value structures and materials from being placed in 
potentially inundated areas,-Cities have spread into 
flood plains and cause encroachment during high flood level 
producing real flood hazard. 
It is not possible to control floods in its real 
sence but by controlling of flood it means to minimize 
it to greater extent and to reduce; the losses through 
afforestation, bunds, percolation tanks, digging the river 
beds and disciplining the rivers. Permanent prevention of 
floods and prbper system to control them are more advisable 
than the yearly adhoc arrangements and heavy expenditure 
incurred in the most unplanned manner. 
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CONCLUSION AMD WORK TO BE DONE 
Floods havebecome a part of life for the people. 
They try to adjust with it because of the fact thtt 
floods cannot be stopped but can be controlled to a 
certain limito Water plays havoc in the form of floods 
and becomes a source of sorrow for people damaging their 
ciops, animals and other property. The enormous deposition 
of silt and detritus, C9ncentration of run off, periodical 
changes in river beds, choking of river courses, etc create 
problems to all walks of life whether it may be agriculture, 
industry or life itself. 
The phenomena of floods is not new, but it is 
felt more now as there is rapid increase in population 
and in the all round activities which need land.Flood 
protection measures on a limited scale were undertaken in 
India from early times» Governmental interest in the 
problem developed chiefly during the past century, when 
a number of well planned embankments were constructed on 
some of the rivers, which were causing recurrent flood 
damage. Since 1954, the central and state governments have 
appointed a number of committees to study and advise on the 
policy matters for the speedy implementation of the flood 
control and also to examine flood problem in general. 
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About 40 million hectares of land which is about 
one eights of the total geographical area of the country 
is prone to floods. The major flood prone states are 
Bihar, Uttar Pradesh, and West Bengal, Floods were also 
significant in Andhra Pradesh, Gujrat, Haryana, Kerala, 
Jammu and Kashmir, Damages caused by floods to crops, 
houses and public utilities during the past 32 years 
were maximum in 1983 amounting to Rs,24,599,7 million, 
the highest for any year in memory. As many as 3,275 
human lives were lost and 153,086 cattle perished. The 
maximum loss was registered in ^ndhra Pradesh, valued 
at Rs. 6230 million. 
In Uttar Pradesh most affected districts are in the 
eastern part. The rivers which cause damage in this area 
are the ^haghara, Gomati Ganga and Rapti, Inundation also 
occurs, as in the current years, near the confluence of the 
Ganga and Ram Ganga and also in the upper reaches of Bari 
Gandak. The state of Uttar Pradesh accounted for 24 percent 
of the total flooded area and 23 percent of the total damages 
in the country during the period 1971-78. The eastern half 
is more vulnerable where some part or the other is affected 
by floods almost every yearo The proportion of cropped 
area in the total area affected increased from 45 percent 
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during 1953-65 to about 55% during 1971-78. Floods 
were more frequent and more severe during 1966-71 but 
situation improved somewhat thereafter. Again the years 
1976 and 1978 witnessed serious floods, of which that of 
1978 was of unprecedented magnitudeo These two floods 
brought about an upward trend in total area affected. One 
peculiar feature of the overall situation in Uttar Pradesh 
was that if the 1978 floods were to be ignored there was 
no marked difference between the pre 1965 and the post 
1965 position in respect of the extent of area affected. 
The trend in damages increased mainly due to increase in 
damage of crops and property during 1971, 1976 and 1978 
In 1971-78, a total of 52.6 lakh hectares were affected 
of which 26.5 lakh hectares were under cultivation. A 
number of districts particularly in the eastern region 
of the state were affected. The more severly affected 
among them where Bahraich, Gonda, Basti, Sitapur, Barabanki 
and Varanasi which together accounted for 36 percent 
of crop areas submerged in the state. The annual growth 
rate of agricultural output during the period in Uttar 
Pradesh was in the range of 0.1 to 1.9?^  in eastern 
districts of Uttar Pradesh, while western districts 
like Aligarh, Muzaffarnagar, Meerut, Bulandshahr and 
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Mctnura recorded growth rates ranging from 4,41 to 
6.47 percent. 
In 1980 flood waters of Ganga and its tributaries 
seriously affected 46 districts of Uttar Pradesho It 
was due to heavy rainfall and drainage congestions^ The 
recorded number of deaths in Uttar Pradesh was 1309 being 
luryest in the country and total population that was 
affected wcs 30,347 million and area affected was 5.857 
million hectre. In 1981 also Uttar Pradesh recorded the 
Icirgest deaths being 427 area affected was 3.0 million 
hactre .nd total population affected was 14.6 million, 
PROPOSED WORK : The taskof water management in flood 
prove areas needs in oepth investigations, data collection 
c.nd valiaation, data dnalysis with the help of analy-
tical tools to fccilitote quantitative modelling through 
use Q-' data stored in the information system with 
a view to arriving at some optimal solutions which 
woulo prescribe some form of diversion and storage. 
This would be adopted to even out the flow and also 
to conserve our precious water ,esources for use in 
wcLcr-short regions n^d during dry seasons. 
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In a study of the flood hazard, there is need to 
consider meteorological factors, such as the incidence 
of heavy rainfall, hydrological conditions such as catch-
ment characteristics and also human hazard producing 
factors. The meterological conditions leading to flooding 
involve intense precipitation, prolonged precipitation 
or snow melt, either singly or acting in combination. 
Frequency of rainfall also plays an important role. The 
character of the catchment will determine the response 
to heavy rainfall and the effect of some physical catch-
ment parameters, which helps in flood intensification such 
as basin network and channel characteristics. For this 
shape is one of the most important factor, geology, soil 
type and vegetation variations are also important variables 
Surface run off also accounts for it. 
In contrast with records of annual or monthly values 
of mean run-off, flood occurrances may be treated as 
random event, for the raetecrologic and hydrologic factors 
affecting flood prod\.ctiori do vary with time sufficiently 
that the combinations have many characteristic of chance 
events. For example if in a period of 20 years of record 
the largest flood recorded was of a certain size it is pro-
bable that the next 20 years will also contain a flood 
of equal magnitude. 
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Simple procedure for computing flood frequency had been 
used. The most practical way is tabulation of the highest 
discharge in each year of record at the station. Momentary 
peak discharge are used for this, if available^ The sample 
then includes only one event in each year. The mean of this 
series is called the mean annual flood« The plotting 
position for individual items in the array is determined 
by the formula : 
Recurrence interval = N ••• 1 
M 
where N equals the number of years of record and M is the 
rank of the individual item in the array. Such data for 
an individual station are usually plotted on lo]^garithmic 
probability paper. 
Because there are differences in the flood experience 
even in neighbouring streams and because in flood potential 
that exist among lithologic and topogrqDhic types, it is 
necessary to generalize flood experience over geographic 
area. This is done by plotting graphs by taking recurrence 
interval in years on x-axis and discharge, in ratio 
to mean annual flood on Y-axis.By using this factor, 
flood experience of area of various sizes and length 
of record may be grouped on this basis of similarity 
in such curves, geogra|Dhic areas are delineated that 
have comparable flood potential. Flood frequency compila-
tions and analyses yield values of a parameter recurrence 
91 
intervals. This is the average interval of time within 
which a flood of a given magnitude will be equal or 
exceeded,but once. 
The flood potentials of different regions can also 
be compared by using drainage basins of equal size as 
units of comparison. 
For all these purposes study shall be based on published 
data from various government agencies, censuses and district 
handbooks. The study shall be pursued on district level. 
This study is aimed to take into account various factors 
which cause floods and to propose methods to reduce a if 
not stop them. 
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